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Currently, ion recognition and detection by artificial receptors have attracted increasing 
attention because of the important roles played by ions in both environment and biological 
systems. Among these detection approaches, fluorescence spectroscopy is widely used 
because of its high sensitivity, simple application, and low cost. Thus, against this 
background, several kinds of heteropolytopic chemosensors and fluorescent chemosensors 
for metal ions were designed and synthesized based on calix[3]arene in this dissertation. 
The sensitivity and selectivity properties of these receptors to the target analyte were 
carefully evaluated.  
A series of metal ion receptors based on hexahomotrioxacalix[3]arene have been 
synthesized vizs a click chemistry first, the complexation properties of the receptors toward 
the selected binding of heavy metal and transition metal ions have been evaluated, binding 
properties of the receptor with Ag
+
 was future researched using the NMR titration 
experiment. A ratiometric fluorescent molecular switchable chemosensor based on 
hexahomotrioxacalix[3]arene armed with pyrene moieties was synthesized, The 
relative intensity ratio of monomer to excimer emission (M415/Ex518) was increased 
from 0.09 by 50 fold to 4.36 upon the addition of 10 equiv. of Cu
2+
 ion, reverse to 
0.43 after addition of F
-
. Additional, a new, easy-to-prepare and high selective 
pyrene-linked monomeric compound also has been synthesized, which shows high 
selectivity for Cu
2+
. A heterotritopic hexahomotrioxacalix[3]arene receptor with 
capability of binding two alkali metals and a transition metal simultaneously in a 
cooperative fashion was synthesized. Alkali metal ions Li+ and Na+ bind at the lower rim 
and upper rim respectively depending on the different size of alkali metal ions and the 
suitable cavities formed by calix[3]arene derivative, transition metal Ag
+
 ions binds at the 
upper rim. 
It is thus believed that the design strategy and the remarkable photophysical properties 
of these receptors in the present dissertation would have potential application in sensing, 
detection, and recognition of cations with different signals. 
iii 
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Chapter 1 
Development of Fluorescent Chemosensors Recently 












In this chapter we will introduce the fundamental research on calixarene and a shortly 
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1.1 General Introduction 
Calixarenes are one of the macrocyclic receptors known to date besides crown ethers, 
cyclodextrins, cryptands, and cucurbiturils
1-7
, which was introduced by Gustche
8 
for cyclic 
oligomers, which was obtained from the condensation of formaldehyde with p-alkylphenols 
under alkaline conditions. The use of this word “calix” means “beaker” in Latin and Greek, 
Figure 1, was suggested in particular by the shape of the tetramer, which can (and generally) 
adopt a bowl- or beaker-like conformation which indicates the possibility of the inclusion of 
“guest” molecules. Calixarenes are macrocyclic molecules, like crown ether and cyclodextrin. 
 
Figure 1. p-tert-butyl-calix[4]arene resembles a calix crater vase in shape 
7
. 
Two regions can be distinguished in calixarenes, viz. the phenolic OH groups and the para 
positions of the aromatic rings, which are called the “lower rim” and the “upper rim” 
respectively of the calix (both rims can easily be selectively functionalized) as shown in 
Figure 2. 
 
Figure 2. A calix[4]arene model in the cone conformation. 
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Due to free rotation about the  bonds of Ar-C-Ar groups, one of the most fascinating 
aspects of calixarenes is conformations. For example, in the case of calix[4]arenes, four 
relative orientations of the phenol units can be assumed as shown in Figure 3. Gustche has 
introduced the terms “cone”, “partial cone”, “1,2-alternate”, and “1,3-alternate” basic 
conformation, which are generally accepted until today. They differ with respect to the 
position of the phenolic OH groups (also the p-positions) and the molecular plane (here 
easily define by the C atoms of the methylene bridges).  
 
Figure 3. Four stable conformations of calix[4]arenes. 
Calixarenes of the general structure was constituted with the phenol groups and the 
methylene groups of the bridge linkage. When the methylene groups of the bridge linkage 
were changed to other functional groups partially or totally, they composed to the calixarene 
analogues as shown Figure 4. Homooxacalix[3]arenes represent a new class of macrocyclic 
receptors analogous to calixarenes
9-11 
which were small and all methylene bridges between 

















Figure 4. Calix[3]arene analogues 
In the case of oxygenated analogues, named homooxacalixarenes, these compounds are 
really exist and are actually formed together with true calixarenes upon heating of alkaline 
mixtures of phenols and formaldehyde. Three compounds in this series are relatively well-
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known materials as shown in Figure 5, while the cone conformation form results only in the 
presence of a templating metal such as Na
+
 which strongly interacts with the phenolic 
oxygens, with substituent groups such as ethoxycarbonylmethyl or N,N-diethylaminocarbon- 
ylmethyl groups present in the reaction system. Recently the application of Cu(I)-catalyzed 
1,3-dipolar cycloaddition of an azide and a terminal alkyne (CuAAC ‘click’ reaction) has 
provide a straightforward molecular linking strategy which has been adopted in a wide range 
of applications in the biological, material, and the medicinal chemistry areas. 
In comparison with the structural characteristics of the calixarene family, 
homooxacalix[3]arene is more attractive for the following reasons: (1) 
Homooxacalix[3]arene has a cavity composed of an 18-membered ring, which is comparable 



















Figure 5. Homooxacalixarenes 
homooxacalix[3]arene derivatives should be much faster than that for calix[4]arenes because 
of the flexibility of the ethereal linkages; (3) there are only two possible conformation, cone 
and partial-cone, in contrast to four possible conformations in calix[4]arenes, so that the 
conformational isomerism is much more simplified; (4) ethereal ring oxygens may act 
cooperatively with phenolic oxygens upon the binding of metal ions; (5) the basic structure 




1.2  Photophysics of fluorescent chemosensors 
1.2.1 Principle of fluorescent chemosensor 
The main issue in the design of any effective chemosensor is the association of a selective 
molecular recognition event with a physical signal highly sensitive to its occurrence. As 
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shown in Figure 6, an effective fluorescent chemosensor includes an ion recognition unit 
(ionophore) and a fluorogenic unit (fluorophore), both moieties generally can be independent 
species or covalently linked by a spacer.
12-13 
The ionophore is required for selective binding 
of the analyte, while the fluorophore provides the signals. Mechanisms which control the 
response of a fluorophore to analyte binding include photoinduced electron transfer (PET),
14-
20
 photoinduced charge transfer (PCT),
21-29 
excimer/exciplex formation or extinction,
14,30
 and 




Figure 6. Diagram of an effective fluorescent chemosensor 
In that case, Changes in both the absorption and emission of light can be utilized as signals 
provided by appropriate chromophores or fluorophores, and two important classes of sensors 
are those of the optical and fluorimetric types. While spectrophotometry and fluorimetry are 
both relatively simple techniques which are rapidly performed, nondestructive and suited to 
multicomponent analysis, fluorimetry is considered superior commonly, principally because 
of its greater sensitivity.
34-41 
Moreover absorbance measurements can at best determine 
concentrations down to 0.1 μM, fluorescence techniques can accurately measure 
concentrations 1 million times smaller. An additional advantage of fluorimetry is that 
discrimination between analytes is possible by time resolved measurements.
42
 
1.2.2 Photoinduced electron transfer (PET) 
In this thesis we want to introduce the PET and excimer formation mainly because they 
were be used in my research. In the simplest cases, emission of a photon, fluorescence, 
followed by an electron excitate from HOMO to LUMO in a molecule. Where this emission 
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is efficient, the molecule may be termed a fluorophore. Vibrational deactivation of the 
excited state prior to emission usually gives rise to a “Stokes shift” in that the wavelength of 
the emitted radiation is less than that of the exciting radiation.
43 
Various other interactions 
may also modify the emission process, and these are of considerable importance in regard to 
analytical applications of fluorescence. Thus, when a lone electron pair is located in an 
orbital of the fluorophore itself or an adjacent molecule and the energy of this orbital lies 
between those of the HOMO and LUMO, efficient electron transfer of one electron of the 
lone-pair to the hole in the HOMO created by light absorption may occur, followed by 
transfer of the initially excited electron to the lone pair orbital. Such PET provides a 
mechanism for nonradiative deactivation of the excited state as shown in Figure 7, leading to 
a decrease in emission intensity or “quenching” of fluorescence.16-22 
 
Figure 7. Mechanisms for PET (a) and CHEF (b) systems. 
 
Figure 8. Mechanisms for (a) ET and (b) ET in systems containing an excited fluorophore 
and a d
9
 metal ion. 
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Fluorescence lost as a result of PET may be recovered if it is possible to involve the lone 
pair in a bonding interaction. Thus, protonation or binding of a metal ion effectively places 
the electron pair in an orbital of lower energy and inhibits the electron-transfer process. The 
excited-state energy may then again be lost by radiative emission. In the case of metal ion 
binding, this effect is referred to as chelation-enhanced fluorescence (CHEF).
44-45
 
In some cases, complexation of metal ions, Cu(II) and Ni(II), for example,
46-49
 does not 
induce CHEF but causes the fluorescence to be quenched via two well-defined mechanisms, 
electron transfer (eT) and energy transfer (ET) to the metal ion, that lead to rapid 
nonradiative decay. While the ET process as shown in Figure 8 involves no formal charge 
transfer, the eT process does and must therefore be associated with some spatial 
reorganization of solvating molecules, so that inhibition of their motions should cause 
inhibition of eT. Thus, the two processes can be distinguished by comparing the 
luminescence of liquid and frozen solutions, enhancement of luminescence in the latter 
indicating that eT must be responsible for quenching in the liquid solution. It has been shown 
that eT has a weaker dependence on the donor acceptor separation than ET, so that eT tends 
to dominate for longer separations and ET for shorter.
50-51 
1.2.3 Excimer formation 
Where aromatic rings are involved in weak interactions (such as π-stacking) which bring 
them within van der Waals contact distances, electronic excitation of one ring can cause an 
enhanced interaction with its neighbor, leading to what is termed an excited-state dimer or 
“excimer”.52-53 In other words, an excimer is a complex formed by the interaction of an 
excited fluorophore with another fluorophore in its ground state. Excimer emission typically 
provides a broad fluorescence band without vibrational structure, with the maximum shifted, 
in the case of most aromatic molecules,
54
 by about 6000 cm
‒1
 to lower energies compared to 
that of the uncomplexed (“monomer”) fluorophore emission. An excimer may also form 
from an excited monomer if the interaction develops within the lifetime of the latter. Thus, it 
is expected that excimers are more likely to be produced by relatively long-lived monomer 
excited states.
55-58
 Rates of fluorophore diffusion, especially in viscous solvents, are therefore 
another limit on excimer formation.
59-62
 Importantly, the separation and relative orientation 
of multiple fluorophore units attached to ligands can be controlled by metal ion coordination, 
so that recognition of a cation can be monitored by the monomer/excimer fluorescence 
ChengCheng Jin, Saga University, Japan 
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intensity ratio. 
1.3 Fluorescent probes using the PET and excimer formation based on calixarene 
As a fluorescent unit, pyrene is regarded as one of the most useful sensing molecules 
because it may emit as a monomer near 370-380 nm or as an excimer near 480nm.
62,58
 In 
molecules with two (or more) pyrenyl substituents, excimer formation can be efficient but is 
also sensitive to even subtle conformational changes such as induced by metal ion binding, 
so that the ratio (IE:IM) of excimer to monomer emission intensities can be an informative 
parameter in a variety of sensing systems.
63,61,64-67 
For this reason, many pyrene-appended 
calixarenes have been synthesized and characterized. Resently anthracene and other 
fluorophores also be widely used. 
Receptor compounds 1 and 2
58 
as shown in Figure 9, containing two pyrene moieties and a 
pendent primary alkylamine, provide systems where both monomer and excimer emissions 
may be affected by PET. That their weak emission is a consequence of PET which is 
confirmed by a comparison with 2, a calixarene having the same structure as 1 but without an 
attached amine group only, where strong monomer and excimer emissions are seen. In the 
presence of Pb
2+
, both 1 and 2 in CH3CN exhibit an enhanced monomer emission and 
diminished excimer emission. This CHEF effect can be attributed to a conformational change 
due to the metal binding as well as to the coordination of the electron-donor N center. 
However, upon addition of alkali-metal ions to 1 and 2, both monomer and excimer 
emissions are enhanced, suggesting that there is no conformational change involved but an 
inhibition of PET was exsited. A competitive metal ion exchange experiment shows that the 
binding ability of 1 for Pb
2+ 
is much greater than that for Li
+
. 
ChengCheng Jin, Saga University, Japan 
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1.4 Design of calixarene-based chemosensor 
Calixarene-based chemosensors have been widely studied as a highly selective and 
sensitive detection technology. Efficient coupling methods are the key to construct 
calixarene-based chemosensors. For this purpose, many coupling methods have been 
reported such as (i) Schiff base reactions forming C=N bonds that can bind to metal ions and 
act as chromophore,
68
 (ii) nucleophilic substitution reactions forming C-O bonds (crown 
ethers) that can bind to alkali metal ions
69
 and (iii) amidation forming C-N bonds that can 
recognize anions,
70
 (iv) calixarene-based chemosensors incorporating click-derived triazoles. 
It is found that clickreaction is not only an effective coupling method, but also the triazole 
heterocycle formed during the reaction acts as a good recognition site, because it can 
coordinate to metal cations and also identify anions through hydrogen bonding.
71
 
1.4.1 Schiff base calixarenes as fluorescent chemosensor 
It is of great significance to introduce Schiff bases to calixarenes for ion recognition as 
well as host-guest chemistry. Schiff base calixarenes have been developed because of their 
ChengCheng Jin, Saga University, Japan 
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good binding capacity toward metal ions which demonstrated by appropriate changes in their 
absorption and emission properties. Schiff bases can be efficiently conjugated to calixarenes 
through click reaction. This is a new method for synthesizing calixarene-based fluorescent 
chemosensors. For example, Kumar et al.
72
 synthesized a new fluorescent “on–off” 
switchable chemosensor 3 based on a thiacalix[4]arene with a 1,3-alternate conformation and 
two different types of cation binding sites. Two pyrene moieties linked to a cation 
recognition unit composed of two imine groups form a strong excimer in solution. Of the 







The fluorescencewas revived by the addition of only K
+
 to the Cu
2+ 
ligand complex. Thus, 
metal-ion exchange triggers an “on–off” switchable fluorescent chemosensor has been shown 
in Figure 10.  
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 have reported some examples of “on–off” (Pb2+/K+, Pb2+/Ca2+) 
fluorescence switches of calix[4]arenes, however, “on–off” (Cu2+/K+) switchable 
chemosensors based on calix[4]arenes and thiacalix[4]arenes are unprecedented. While this 
work was in progress, Chung and co-workers reported
75
 an “on–off” (Pb2+/K+) switchable 
chemosensor based on a triazole-modified calix[4]crown. 
1.4.2 Amidation forming calixarene as fluorescent chemosensor 
Our group synthesized ditopic receptors cone-4 (R = H) based on lower and upper-rim 
substituted hexahomotrioxacalix[3]arene
76
, cone-hexahomotrioxacalix[3]arenes bearing N,N-
diethylacetamide and substituted-triamide chains on their lower and upper rims, respectively. 
The binding of the alkali metals and anions (chloride, bromide) at the lower and upper rims, 
respectively, was investigated by using 
1
H NMR titration experiments. Alkali metals bind at 
the lower rim controls the cavity size and shape of the calixarene; for example, Li
+
-ion 
binding to the lower rim can improve the binding ability of anions to the amide moiety on the 
upper rim by a factor of 15. However, when a Na
+
 cation was bound to the lower rim, the 
calix cavity changed form a flattened cone shape to a more-upright form that may favor 
intramolecular hydrogen bonding between neighboring NH and C=O groups and thus block 
the binding for anions at the upper rim as shown in Figure 11. 
 
Figure 11. Plausible binding mode of cone-4 complex with Bu4NX (X = Cl and Br) in the 
presence of LiClO4 and NaClO4 in CDCl3/CD3CN (10:1, v/v). 
1.4.3 Click-derived triazoles calixarene as fluorescent chemosensor 
Our group synthesized a new type of fluorescent chemosensor 5 based on 
ChengCheng Jin, Saga University, Japan 




(Figure12). The fluorescent sensor showed high selectivity for Pb
2+ 
ions than other metal ions by the enhancement of the monomer emission of the pyrene goups. 
The selectivity for Pb
2+ 
ions was further investigated by 
1
H NMR titration experiments in 
CDCl3/CD3CN (10:1, v/v). It shows that only the triazole ring and OCH2-triazole protons of 
5 have significant chemical shift changes, indicating that only the nitrogen atoms in the 
triazole moieties of 5 participated in the complexation with the Pb
2+ 
ion. This symmetric 
calix[3]arene may extend the applications of fluorescent sensors for sensing heavy metal ions. 
 
Figure 12. Fluorescent chemosensor 5 recognizes the Pb
2+
 ions. 
Our group also reported that the fluorescence intensity of the excimer emission gradually 
decreased while the monomer emission gradually increased of compound 6 with the addition 




. Further, we also studied the fluorescence 
behavior of 6·Zn
2+





system, the excimer emission enhanced and monomer emission decreased, while a 
slight change in the monomer and excimer emission quenching was observed upon the 
addition of other anions. This system exhibited a novel molecular switching of the excimer 
emission (monomer emission of the pyrenes from the off-on to on off) of the pyrenes form 
the on-off to off-on type as shown in Figure 13. Thus, compound 6 may be served as ditopic 
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Based on the above study, our groups also designed and synthesized novel fluorescent 
chemosensors 7 and 8 based on thiacalix[4]arene with 1,3-alternate conformation
79,80 
as 
shown in Figure 14 for sensing Ag
+
 ions, which with pyrene groups linked by click-deried 
triazoles. The addition of Ag
+ 
ions enhanced the fluorescence intensity of the monomer 





 ions strongly quenched the excimer and monomer emissions. Further, the 
competitive interaction of Ag
+ 
ions in the presence of other cations was investigated, no 
significant interference in the detection of Ag
+
 ions was observed for compound 7 and 8. 
Further, the 
1
H NMR spectra showed that the Ag
+ 
ion was selectively bound to the nitrogen 
atoms on the triazole rings. These chemosensors have great potential applications in 
supramolecular chemistry and organaometallic chemistry. 
ChengCheng Jin, Saga University, Japan 
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Figure 14. Compound 7 and 8 served as fluorescent chemosensors for sensing Ag
+
. 






 is an essential nutrient for the human body and plays important roles in many 
physiological and pathological processes
81
. Its deficiency leads to an acrodermatitis 
enteropathica
82
, but an excess dose causes several health problems such as superficial skin 
diseases, prostate cancer, diabetes, and brain diseases
83
. In contrast, Cd
2+ 
is highly toxic to 
the human body. Its intake causes several diseases such as renal dysfunction, calcium 
metabolism disorders, and prostate cancer
84





 has attracted a great deal of attention, because they facilitate rapid 
monitoring of metal cations by simple fluorescence measurements. A variety of receptors 




 has been proposed. 
Most of these receptors, however, show similar fluorescence enhancement upon binding with 




 are in the same group of the 
Periodic Table and have similar electronic and binding properties
85-96
. The design of 





currently the focus of attention
97-101
. 
A coumarin−amide−dipicolylamine linkage (9) was synthesized and used as a fluorescent 
receptor for metal cations in water
102
. The receptor dissolved in water with neutral pH shows 
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almost no fluorescence due to the photoinduced electron transfer (PET) from the amide and 




 with 9 
creates strong fluorescence at 437 or 386 nm, respectively, due to the suppression of PET. In 
contrast, other metal cations scarcely show fluorescence enhancement. IR, NMR, and 




 are coordinated with two pyridines’ 
N, amine N, and amide O; however, the Zn
2+
 center is also coordinated with a hydroxide 
anion (OH
−
) as shown in Figure 15. The structure difference for Zn and Cd complexes results 
in longer- and shorter-wavelength fluorescence. Ab initio calculations revealed that π 
electrons on the excited state Cd complex are delocalized over the molecules and the Cd 
complex shows shorter-wavelength emission. In contrast, π electrons of OH− coordinated Zn 
complex are localized on the coumarin moiety. This increases the electron density of 
coumarin moiety and shows longer-wavelength fluorescence. 
 





A new, easy-to-prepare and highly selective pyrene-linked tris-triazole amine fluorescent 
chemosensor has been designed from tripropargylamine and pyrene azide using Cu(I)-
catalyzed click chemistry
103
. The fluorescence on−off sensor 10 is highly selective for Zn2+ 
displaying a ratiometric change in emission as shown in Figure 16. The relative intensity 
ratio of monomer to excimer fluorescence (M376/E465) of the sensor increases 80-fold upon 
the addition of 10 equiv. of Zn
2+ 
ions (with a detection limit of 0.2 μM). 
ChengCheng Jin, Saga University, Japan 
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Figure 16. Ratiometric (M376/Ex465) selectivity of compound 10 for Zn
2+
. 
Based on calixarene a simple O-methylanthracenyl derivative 11
104 
as shown in Figure 17, 
exhibits a low fluorescence enhancement toward some transition metal ions. When an imine 
moiety is introduced into this to result in 12, this starts exhibiting some selectivity by 
showing significant fluorescence enhancement toward a few transition ions over the others in 
the order, Fe
2+ ≈ Cu2+ > Zn2+ >  other 3d ions, but the selectivity is poor. Further, when the 
arms were derivatized with 2-hydroxy naphthalidene moiety 13, exhibits selectivity toward 
Zn
2+ 
over a number of other ions studied , by showing a large fluorescence enhancement that 
is sufficient enough to detect Zn
2+ even at ≤60 ppb in methanol.105 Fluorescence enhancement 
is attributable to the reversal of PET when Zn
2+ 
forms a 1:1 chelate complex with 13, its 
imine and phenolic-OH moieties participate in the complexation and the association constant 




 in methanol. 
 
Figure 17. Schematic structures of 11-13. 
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Also, Rao et al, designed and synthesized a calix[4]arene derivative with a lower rim 
linked with triazole, which served as a fluorescence switch for sensing Zn
2+
 in blood serum 
milieu as shown in Figure 18.
106 
The receptor 14 exhibits very weak fluorescence emission 
owing to photo electron transfer at 450nm when excited at 380nm in water-methanol 
mixture (v/v = 1: 4) at PH = 7.4. Titration of this by Zn
2+
, results in the enhancement of 
fluorescence intensity as a function of added Zn
2+
 concentration as shown in Figure 19. 
While no significant enhancement was observed in the presence of other metal ions, thus, 14 
was found to be highly selective toward Zn
2+
 ions, 15 was synthesized as reference 
compound, not calixarene but monomeric compound, the fluorescence enhancement was 
found to be very low even when the Zn
2+
 at  30 equivalents. It informed that the calixarene 
structure paly an important role in this system. 
 
Figure 18. Fluorescent chemosensor of 14 and reference compound 15. 
 
Figure 19. Fluorescence spectra obtained during the titration of 14 (10 mM) with Zn
2+
 in a 
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water-methanol mixture (v/v = 1: 4) at PH = 7.4 (ex = 380 nm). The inset shows the relative 
fluorescence intensity (I/I0) as a function of [Zn
2+
]/[L] mole ratio and visual color change 
under UV light. 
Biological applicability of 14 to sense Zn
2+
 has been addressed by carrying out 
fluorescence titrations
107 
using blood serum as well as related albumin proteins, viz., human 





 Fluorescence experiments were carried out by taking an in situ 
generated 14-Zn
2+
 complex and titrating this by varying the concentrations of blood serum or 
the related proteins (HSA, BSA, LA). Almost no change was observed in the fluorescence 
intensity of the 450 nm band of 14-Zn2+ either in the presence of these proteins individually 
or in the presence of the serum. Thus 14 can selectively sense Zn
2+
 even in the bloodserum 
milieu. The minimum detection limit of Zn
2+ 
was found to be 332 ppb in blood serum.This 
found can be used in biochemistry in the near future. 
1.5.2 Cu2+ recognition  
Most of the Cu
2+ recognitions are generally observed as “turn off” as a result of their 
paramagnetic nature, heavy metal effect, except in some cases where turn-on fluorescence 
has been observed as a result of blocking the PET. 
Calix[4]azacrown 16,
44
 bearing an anthracenyl unit, was reported to have a pronounced 






ions, In this case, the anthracenyl fluorophore is bound to 
the crown site, The addition of Cu
2+ 
to the complex 16•Cs+ in C2H5OH/CH2Cl2 solution 
causes fluorescence quenching due to binding of Cu
2+ 
to the azacrown ether, which causes 
ejection of Cs
+ 
and thus facilitates PET between the proximate crown oxygen atoms and the 
excited anthracenyl as shown in Figure 20.  
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Figure 20. Schematic structures of 16. 
Host compound 17
109 





CH3OH/H2O (v/v = 9/1) with pH control. When excited at 340 nm, free 17 (Figure 21) shows 
a weak emission at 408 nm due to the PET between the imidazoles and the fluorophore. The 
PET process is suppressed and give an increased fluorescence when protonated. Cu(II) 
coordination could be expected to produce a CHEF effect, but when it complexs with 17 
there is an eT between Cu
2+ 
and the excited fluorophore which dominates and leads to 
quenching. As expected, the eT pathway is not available for Zn(II), so the CHEF effect 
operates and the emission intensity is greater. Other cations tested gave negligible effects due 





apparent in a medium of pH 10. 
 
 
Figure 21. Schematic structure of 17. 
Kim et al reported a calixarene-based fluorescent sensors.
110
 Compound 18 as shown in 
Figure 22, contains two cation recognition sites; a crown ether ring and two facing pyrene 
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amide moieties, which shows a drastic change in the fluorescence and absorption spectra 






in CH3CN with different binding modes. N…Cu
2+…N 
chelation makes the distance between the two pyrenes shorter, but resulting in a static 
excimer evidenced by a red shift in the excitation spectrum of its complex. Conversely, 
C=O…Pb2+…O=C coordination forces the two pyrenes apart. Complexation of Cu2+ or Pb2+ 
reduces the emission intensity. The addition of K
+ 
to 18•Pb2+, however, makes the excimer 
emission increase, presumably because the polyether ring of calix[4]crown-5 is more suitable 
for complexation of K
+




induces shifts in both the fluorescence 
and absorption maxima, and these are attributed to a PCT process. 
 
Figure 22. Schematic structure of 18. 
Chiral recognition plays an important role in many fields of science and technology. Chiral 
discrimination has been achieved using various methods such as chiral HPLC, capillary 
electrophoresis, fluorescence, colorimetric analysis, and electrochemistry. Although 
reasonable chiral discrimination has been achieved using these techniques, improving the 
sensitivity of chiral recognitionis essential and remains a challenging task. Li and the co-
workers designed and synthesized a novel fluorescent calixarene 19 bearing a chiral 1,1’-bi-
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2-naphthol group by click reaction. Compound 19 demonstrated highly selective binding 
toward Cu
2+
 ions as shown in Figure 23 with remarkable fluorescence quenching. In 
particular, 19·Cu
2+
 complex could be used as a fluorescent sensor for the enantioselective 
recognition of MA with a fluorescence ‘turn on’ mode. The addition of (R)- and (S)-MA 
showed a significant enhancement in the fluorescence intensity; however, the degree of 
enhancement in the fluorescence intensity by the two enantiomers was different. The 
fluorescence intensity of 19·Cu
2+
 complex increased by 6.35-fold upon the addition of (R)- 
MA, whereas it increased by only 4.87-fold upon the addition of (S)-MA. This large 
difference in the fluorescence enhancement between the enantiomers makes 19·Cu
2+
 




Figure 23. a) Compound 19 demonstrated highly selective binding toward Cu
2+
 ions. b) 
19·Cu
2+
 complex served as a fluorescent sensor for the enantionselective recognition of MA. 
Fluorescent sensors that change their fluorescence behavior upon binding with heavy 
transition metal ions and anions are one of the most widely used analytical tools on the basis 
of which various molecular switches and logic gates have been proposed. Kumar et al 
developed new fluorescent chemosensor for Cu
2+
 based on thiacalix[4]arene, for example, A 
series chemosensor based on the thiacalix[4]arene of 1,3-alternate conformation (20, 21 and 
22)
112
 have been designed and synthesized. The binding behavior of this chemosensor has 
been studied toward different metal ions and anions by fluorescence spectroscopy, and it was 
observed that receptor 20 selectively senses Cu
2+ 




 in a 
sequential manner generate an output which mimics the functions of a security keypad lock 
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as shown in Figure 24. 
 
 




and alkali metal ions recognition  
Hexahomotrioxacalix[3]arene having [(5’-methyl-2,2’-bipyridyl)-5-yl]oxycarbonylmetho- 
xy group with cone conformation was prepared
113
, which shows strong Ag
+ 
affinity and acts 




 as shown in Figure 25. A conformational change 
of 2,2’-bipyridyl moiety from the original outward orientation of the ring nitrogen to the 
inside orientation toward the oxacalixarene cavity was observed in the process of Ag
+ 
complexation, which was proved by the monomeric compound 23. C3-symmetrical bipyridyl-
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substituted calixarene cone-24 can also bind Ag+ ion and bind n-butyl ammonium ions 
through the p-cavity formed by three aryl rings, which can provide functional moieties in 
biologic systems with good affinity and high selectivity. 
 
Figure 25. Reference compound 23 and Plausible binding mode of cone-24 with Ag
+ 
and n-BuNH3Pic. 
In order to inlustrate the conformational change of 2,2’-bipyridyl moiety from the original 
outward orientation of the ring nitrogen to the inside orientation toward the thiacalixarene 
cavity, a reference compound 23 was synthesized from 4-tert-butyl-2,6-dimethyl-phenoxy 
acetic acid
114
 following the similar method in the preparation of cone-24. Interestingly, the 
hetero aromatic protons of the bipyridine rings of cone-24 are exposed to the ring current 
shielding effect
115-117 
operating in the opposing bipyridine ring among the dibenzyl ether 
linkage, and resonate at higher fields with respect to those of the reference compound 23. 
The magnitude of this shielding, computed as the difference between pertinent 2,20-
bipyridine protons of cone-24 and reference compound 23, increases significantly for the H4, 
H6 and H3’ protons. The remarkable shielding effect experienced by the H4 (-0.14 ppm), H6 (-
0.12 ppm)and H3’ (-0.10 ppm) protons of the 2,2’-bipyridine suggest that these protons are 
located much closer to the neighboring bipyridine ring than the H3 (+0.11 ppm) protons and 
are thus shifted stronger upfield. Thus, one nitrogen atom (N1) in the 2,2’-bipyridine ring 
might be orientated outwards with respect to the hexahomotrioxacalix[3]arene cavity due to 
the electron repulsion between nitrogens at the neighboring positions. In contrary, the other 
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nitrogen (N’1) oriented inwards due to the 2,2’-bipyridyl linkage. 




 ions due to the 1,3-
alternate conformation, as expected, but showed a remarkable opposite cooperative behavior 
which is ascribed to the presence of allosteric effect which is strongly impacted by 
preorganization, complexation mode and functional affinity. But, most importantly, a 
cooperative behavior between the two edges of the thiacalix[4]arene cavity favors the 1:2 Ag
+ 




 1,3-alternate-25  K
+ 
complexes formation as shown in 
Figure 26. The unexpected high affinity of the amide groups to K
+
 ion is an important 
example of how the preorganization impacts the complexation behavior. To the best of our 
knowledge the formation of 1:2 complex Ag
+  1,3-alternate-25  K
+
 is the first example of 
heterogeneous dinuclear complex in the thiacalix[4]arene family. These results give some 





Figure 26. Complexation process in 1,3-alternate-25: (a) Ag
+ 
 1,3-alternate-25  K
+
, (b) (I) 
1:2 Ag
+ 
 1,3-alternate-25, (II) high affinity of the amide groups to K+. 
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A novel ditopic receptor possessing two complexation sites and bearing 1,3-alternate 
conformation based on thiacalix[4]arene was prepared
119







 ions have been examined by 
1
H NMR titration experiment in (CDCl3/CD3CN; 







 ions. Although the formation of heterogeneous dinuclear complexes was not clearly 
observed, the exclusive formation of mononuclear complexes of 1,3-alternate-26 with metal 
cations is of particular interest with positive/negative allosteric effect in 
thiacalix[4]arenefamily as shown in Figure 27. These findings further demonstrate that 
preorganization, suitable conformational changes and affinity have a pronounced effect on 












1.5.4 Recognition of amino acids and anions by the metal ion complexes. 












 are integral parts of 
biology because of their role as cofactor in various metalloproteins and metalloenzymes. 
These ions bind to different amino acid residues resulting in specific coordination geometry 
at the active site of these proteins, according to their metal/amino acid preferences, to exhibit 
particular enzymatic/catalytic activity/function. The side chains of a few amino acids, such as 
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His, Cys, Asp, and Glu, are most commonly involved in metal binding in the proteins. 







in their proteins. Some of these metal ions are also present as 
free pool or bound with labile ligands of proteins in cells and body fluids and their relative 
concentrations are being controlled by peptides and proteins. Imbalance in the homeostasis of 
these metal ions and the corresponding amino acids can cause several diseases. Therefore, 
the recognition of these species is of prime importance in medical sciences to develop future 
diagnostic tools for the diseases. Recently, metal bound fluorescent organic molecular 
systems emerged as receptors to recognize particular amino acid because of their specific 
metal/amino acid binding characteristics such as that present in the natural systems. Among 
these, calix[4]arene based supramolecular systems possessing preorganized binding cores 
formed by two arms on the calix[4]arene platform were developed as suitable molecular 
scaffolds to bind to metal ions by exhibiting appropriate changes in their fluorescence signals 
upon recognition. The amino acid competes for the transition metal ion present in the 
complex of the conjugate during the recognition events and thereby triggers a change in the 
optical properties and hence can be used to recognize the amino acid selectively. Recently, 
Rao research group reported selective detection of amino acids using calix[4]arene 
conjugates bearing transition-metal ions. By bringing marginal modifications in the binding 
motif topology, the calix[4]arene platform can provide selectivity toward a particular metal 
ion, and the corresponding complex in turn can act as a responsible ensemble for exhibiting 
secondary selectivity, namely, toward amino acids. Herein, they report a multisensor array to 
detect and quantify amino acids in a highly sensitive and selective manner by using the in 












) complexes of o-
iminophenol appended triazole linked calix[4]arene conjugate (27).
120
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Figure 28.  Structure of 27 and Stereo view of molecular structure of the conjugate 27 as 
drawn at 50% probability ellipsoids. 
The triazole linked o-imino phenol appendedcalix[4]arene conjugate (27) has been 
synthesized and characterized. The structure of 27 has been established based on single 
crystal XRD as shown in Figure 28. The binding and recognition behavior of conjugate 27 












, has been 
demonstrated using fluorescence, absorption and ESI-MS techniques. The in situ prepared 
complexes of these metal ions, namely, [Mn2L], [Fe2L], [Co2L], [Ni2L], [Cu2L], and [Zn2L] 
have shown recognition toward Glu, Asp, His and Cys. Hence, 27 provide a multiple sensing 
molecular tool as shown in Figure 29 where the response for the recognition of biologically 
active amino acids of metalloproteins is elicited by the presence of specific metal ion. 
 












complexes of a 
triazole linked imino-phenol based calix[4]arene conjugate for the selective recognition of 
Asp, Glu, Cys, and His. 
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Both cations and anions play important roles in biology and the environment, wherein the 
lanthanides and halides are not exceptions. Fluoride is one of the most significant anions in 
the biological systems due to its role in dental care and in the treatment of osteoporosis. 
Excess fluoride exposure may cause collagen breakdown, bone disorders, and immune 
system disruption. A new 1,3,5-tris-triazole linked picolylimine conjugate of calix[6]arene L 
has been shown to be selective toward La
3+
 by turn on fluorescence with 70-fold 
enhancement and emits blue, with a minimal detection limit of 65  5 ppb (490 nM). The in 




 via fluorescence quenching. The reversible 




sequentially by L has been demonstrated
121
 as shown in 
Figure 30, 31. 
 




sequentially by L has been 
demonstrated. 
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Figure 31.a) Colorimetric titration of L (5 M) with different lanthanide ions (20 M) in 
ethanol and ESI mass spectrum showing the isotopic peak pattern of the molecular ion peak 
for the 1:1 complex formed between L and La
3+
. b) Visual colors observed when {LLa3+} is 
titrated against different halides under UV light (365nm). 
The reusability and reversible response of the fluorescent chemosensing ensemble, viz., 
{LLa3+}, has been demonstrated by four alternate cycles carried out by titration L with La3+, 
followed by F
-
, and repeating this in a cyclic fashion as shown in Figure 32. 
 









in ethanol. Above are the vials showing visual fluorescent color change at every cycle, 
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where (1) = L; (2) = L+ La3+; (3) = (2) + F-; (4) = (3) + La3+; (5) = (4) + F-; (6) = (5) + La3+; 
(7) = (6) + F
-
; (8) = (7) + La
3+
; (9) = (8) + F
-
. b) INHIBIT (INH) logic gate. 
1.6 Conclusions 
According to the above review of recently development of chemosensor for cations, anions 
and micromolecule based on calixarene scaffold. The synthesis, characterization, and ions 
selectivity recognition properties of receptor focused on calixarene would exhibit further 
interests and challenges to the supramolecular chemists, because such scaffold not only 
provide requisite binding cores but also are flexible enough to accommodate various ions and 
molecular species. Thus, against this background, several kinds of heteropolytopic 
chemosensor or fluorescent chemosensors for metal ions and anions were designed and 
synthesized based on hexahomotrioxacalix[3]arene in this dissertation.  
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Chapter 2 
Synthesis and inclusion properties of C3-symmetric trizole 
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From 7,15,23-tri-tert-butyl-25,26,27-tris(propargyloxy)hexahomotrioxacalix[3]arene 2, a 
series of metal ion receptors cone-7,15,23-tri-tert-butyl-25,26,27-tris{[1H-(1-
arylmethyl)(1,2,3-triazolyl)]-4-methoxy} and hexahomotrioxacalix[3]arenes cone-3–cone-5 
have been synthesized via Click chemistry. The complexation properties of the receptors 
cone-3–cone-5 selectively binding of heavy metal and transition metal ions have been 
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2.1 Introduction 
Over the last few decades, the development of artificial receptors for ion recognition, 
complexation and transportation has proved to be an important topic in both environmental 
and supramolecular chemistry.
1
 Calixarenes and their derivatives are macrocyclic compounds 
possessing a hydrophobic cavity, which can bind various organic, inorganic or biological 
molecules and be widely used as convenient and versatile building blocks in supramolecular 
chemistry.
2 
They can be modified and give rise to a great variety of derivatives with different  
binding properties. For example, calix[4]arene derivatives incorporating crown ethers, 
amides, esters, and carboxylic acid groups have been shown to selectively extract metal 
ions.
3 
Recently, Hexahomotrioxacalix[3]arene is widely used; it has a three-dimensional 
cavity with a potentially C3-symmetric structure, and is attractive to supramolecular chemists 




 and fullerene derivatives.
6 
There exist 
four possible conformational isomers in calix[4]arenes, viz. cone, partial-cone, 1,2-alternate 
and 1,3-alternate, cone and 1,3-alternate were widely used today. Only two different 
conformational isomers, "cone" and "partial-cone", should be expected in 
hexahomotrioxacalix[3]arene. So we soppose introduction of large alkyl groups on the 
phenolic oxygens led to a situation where the OR groups can not rotate through the annulus.
7 
Thus, the conformational isomerism should be much simpler in O-alkylated 
hexahomotrioxacalix[3]arenes. However, Shinkai et al reported the conformer distribution of 
the hexahomotrioxacalix[3]arene and found that the partial-cone is sterically less crowded 
than the cone and therefore formed predominantly regardless of the O-alkylation 
conditions.
7d
 The cone form results only in the presence of a templating metal such as NaH 
which strongly interacts with the phenolic oxygens, with substituent groups such as 




Recently the application of Cu(I)-catalyzed 1,3-dipolar cycloaddition of an azide and a 
terminal alkyne (CuAAC ‘click’ reaction) has provided a straightforward molecular linking 
strategy which has been adopted in a wide range of applications in the biological, materials, 
and medicinal chemistry areas.
9 
The 1,2,3-triazole moiety not only served as linker but also 
exploited for the binding site for cations. The coordination chemistry of triazoles has also 
been investigated through the formation of transition metal complexes.
10 
In calixarene 
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chemistry, the copper-catalyzed 1,2,3-triazole was first exploited for the functionalization of 
the calixarene scaffold by Zhao and co-workers in 2005.
11 
More relevant work has been done 
which functionalized triazoles on to small molecular scaffold for binding of various metal 
cations.
12a 
Very recently, we also have developed a series of triazole-derived chemosensors 
for selective binding of heavy metal ions based on calixarene scaffolds.
13
 For example, 
chemosensors derived from hexahomotrioxacalix[3]arene exhibited a highly selective affinity 
for the Pb
2+
 cation through enhancement of the monomer emission of pyrene in both organic 
and organic/aqueous solution,
13a
 whereas a similar outcome was observed for the Zn
2+
 ion 
only in a purely organic medium.
13b 
Indeed, triazole-appended receptors also have a strong 




, and corresponding binding mode 
have been evidenced by changing the fluorescence properties of the pyrene in different ways. 
Interestingly, Rao et al reported a calix[4]arene sensor
12b
 which incorporated two potential 
binding sites: one bistriazole binding pocket and another consisting of two Schiff base groups 
functionalised with hydroxymethyl groups. This compound was sensitive and selective 
towads Zn
2+
 over other tested divalent metal ions. However, 
1
H NMR studies revealed that 
Zn
2+
 only binds at the Schiff base site. Minor changes in the regioselective functionalization 
or conformation of the modified calixarenes can be associated with dramatic changes in the 
complexation properties and give dramatic signal of fluorescence and absorption spectrum. 
As a part of our research on the construction of calixarene-derived chemosensors, here we 
report the synthesis and characterisation of a series of triazole derivatives based on 
hexahomotrioxacalix[3]arenes fixed in the cone conformation using O-propargyl groups, and 
the target molecular’s properties towards heavy- and transition-metal ions. 
2.2 Results and Discussion 
A series of triazole derivatives based on hexahomotrioxacalix[3]arene was synthesized as 
shown in Scheme 1.  
Reaction of the calix[3]arene 1 with propargyl bromide in the presence of Cs2CO3 afforded 




H NMR spectrum of 2 shows two singlets for the tert-butyl protons at 
 1.22 and 1.27 ppm (relative intensity 2:1) and multiplet signals for the bridging methylene 
protons in the region of  4.0 to 4.85 ppm. Furthermore, the resonances of the aromatic 
protons appeared at δ 7.23 and 7.30 ppm, indicated 2 adopting a partial-cone structure. In 
order to confirm whether compound 2 can be converted from partial-cone to cone structure, 
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1
H NMR titration experiments of 2 with n-BuNH3ClO4 were carried out in a solution of 
CDCl3/CD3CN(10:1 v/v). The partial 
1
H NMR spectra of 2 in the absence and presence of n-
BuNH3ClO4 are shown in Fig. 1. Upon interaction with n-BuNH3
+
, the bridging methylene 
protons (Hax and Heq) clearly appeared at δ 4.98 and 4.29 ppm, and the aromatic protons also 
showed a single peak at δ 7.30 ppm. The 1H NMR changes indicated that the O-propargyl 
conformation of 2 also allowed oxygen-through-the-annulus rotation to form the partial-cone 
conformation. After interaction with the C3 symmetry structure of n-BuNH3
+ 
then changed to 
cone structure (Scheme 2). 
 
Scheme 1 Synthesis of triazole derivatives cone-3–5 based on hexahomotrioxacalix[3]arene 
with the cone conformation. 
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Fig. 1 (a) Partial 1H NMR spectra of 2 in a CDCl3/CD3CN(10:1 v/v) solution and (b) in the 
presence of 1.0 equiv of n-BuNH3ClO4. 
 
Scheme 2 Complexation of 2 with n-BuNH3ClO4. 
On the other hand, the X-ray crystal structure of 2
13a
 (Fig. 2) revealed that there are two 
different conformations in the unit cell (1:1 ratio), and that one exhibits a classical partial-
cone structure (Fig. 2a) while the other exhibits an intermediate situation between partial-
cone and cone structure (Fig. 2b). 
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Fig. 2 The X-ray structure of 2 with two different conformations in the unit cell.
13a 
Following on these observations, we supposed that the Cu(І) template should play an 
important role in the formation of cone products of hexahomotrioxacalix[3]arene (Fig. 3).
14 
Then we synthesized a series of cone conformations of triazole derivatives based on 
hexahomotrioxacalix[3]arene through the Cu(I)-catalyzed 1,3-dipolar cycloaddition reaction. 
Compound 2 reacted with azides under click conditions and got cone-3–cone-5 with yields of 
72, 42 and 43 %, respectively. The 
1
H NMR spectrum of cone-3, for example, showed a 
singlet for the tert-butyl protons at δ 1.08 ppm, and singlets for ArOCH2-triazole and 
triazole-CH2-4-methoxybenzene at δ 4.55 and 5.29 ppm, respectively, indicating a C3-
symmetrical cone structure for this compound. Moreover, single crystal X-ray diffraction 
analysis of cone-3 confirmed its conformation as shown in Fig.4. The calixarene ring forms a 
‘flattened cone’ shape, with the phenolic O atoms O(1) and O(3) pointing inwards towards 
the centre of the ring, but the third O atom, O(2), pointing a little outwards. 
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Fig.4 X-ray structure of compound cone-3 showing (a) the whole molecule, and (b) the 
upper-rim groups only, hydrogen atoms have been omitted for clarity. 
Similarly, the 
1
H NMR spectra of compounds cone-4 and cone-5 also suggest that the 
pyridine triazole derivatives adopt the cone conformation. Interestingly, the chemical shift of 
the protons on the triazole rings of cone-3–cone-5 appeared at δ 7.61, 7.85, and 7.77 ppm, 
respectively; the down chemical shifts of cone-4 and cone-5 may be attributed to the 
interaction of the pyridine nitrogen atom with the triazole protons. For example, in cone-4, 
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there are two cavities in the lower rim substituents; one is formed from the nitrogen atoms of 
the triazole ring in each chain, and the other from the nitrogen atoms of the three pyridine 
rings. These artificial receptors, which have electronic donor and acceptor moieties in their 
structure, can form intra- or inter- molecular hydrogen bonds, depending on the solvent. For 
example, compound cone-4 might be easy to form intramolecular hydrogen bonds between 
the hydrogen atom of the triazole ring and the nitrogen atom of the pyridine. The 
corresponding chemical shifts of the protons on the triazole rings move downfield. 
 
Fig. 5 Liquid-liquid extractability of compounds cone-3–cone-5 with metal cations ([Host] = 
1.25 × 10
−4
 mol in CH2Cl2, [Guest] = 1.25 × 10
−4
 mol in water at 25 °C). 
In order to investigate the ionophoric affinities of the compounds cone-3–cone-5 for 
cations, the extraction ability was determined by solvent extraction from the aqueous phase 
to the organic phase (methylene dichloride) as shown in Fig. 5. We see that compounds 
cone-3–cone-5 showed high extractability towards Ag+, Cu2+, Pb2+ and Hg2+cations and 
extractability for Ag
+
 has not been observed with other triazole-modified calixarene-derived 
compounds.
12, 13a,b 
The association constants of receptors cone-3–cone-5 for Li+ were found 
to be 3.2 × 10
3
, 2.1 × 10
4




 in CH2Cl2/THF (99:1, v/v), respectively. After 
addition of compounds cone-3–cone-5 to the picrate of siliver solution, the absorption 
maximum peak was shifted from 358 nm to 378 nm, indicating the formation of complexes. 
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Fig.6 Job plot for complexation of cone-3 with Ag+ ion (1:1) 
 
Fig.7 Job plot for complexation of cone-4 with Ag+ ion (1:2) 
Including the parent cavities, triazole moieties as well as the pyridine moieties, there exist 
three metal binding sites, also there are several possibilities for metal complexation in 
compounds 3–5 with guest molecules, for example, 1:1, 1:2 or 1:3 metal complexations 
might be possible. Therefore, extraction experiment was applied to determine the 
stoichiometry of the cone-3 with Ag
+
 ions. The Job for complexation of cone-3 with Ag
+
 ion 
supports the formation of a 1:1 complex with Ag
+
 cation, the percentage extractions reach a 
maximum at 0.5 mole fraction when cone-3 and the Ag
+
 cation concentrations were varied 
ChengCheng Jin, Saga University, Japan 
- 47 - 
 
systematically (Fig. 6). However, for cone-4, the Job for complexation of cone-4 with Ag
+
 
ionindicates the formation of a 1:2 complex and the percentage extraction reached a 
maximum between 0.6 and 0.7 (Fig. 7). Interestingly, in the case of cone-5, 1:1 complexation 
with Ag
+
 was observed in spite of the similar structure with cone-4 which have two different 




Fig. 8 Partial chemical shifts of compounds cone-3–cone-5 (4 × 10−3 M) in the presence of 
1.0 equiv. of AgClO4 in CD3CN solution at 300MHz. 





H NMR titration experiments were carried out in CD3CN solution. The partial 
chemical shift changes for compounds cone-3–cone-5 on complexation with Ag+ are 
illustrated in Fig. 8. For example, after addition of Ag+ ion to a solution of compound cone-3 
(Fig. 8a), the proton on the triazole ring showed a downfield shift of ∆ 0.15 ppm, from  
7.61 to 7.76 ppm, and the protons of OCH2-bridge linker were upfield shifted by ∆ 0.18 
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ppm (Hax: from  4.48 to 4.30 ppm; Heq: from  4.35 to 4.18 ppm). The spectral changes 
suggested that all three triazole moieties of cone-3 and the parent cavity of 
hexahomotrioxacalix[3]arene were involved in the complexation with Ag
+
. Similarly, 
addition of 1.0 equiv of Ag
+ 
ion to a solution of cone-4 also caused immediate complexation, 
the proton on the triazole ring showed a downfield shift of ∆ 0.05 ppm, moreover, the 
protons on the pyridine moieties were also shifted downfield (Fig.8b), indicating that not 
only of the triazole ring but also of the pyridine moieties were involved in the selective 
binding of Ag
+
 cations. However, titration of 1.0 equiv of AgClO4 with the solution of cone-
5 revealed some of the protons on the pyridine moieties exhibited larger downfield shifts, 
while a slightly downfield shift of the triazole protons and no obvious chemical shift changes 
for the OCH2-bridge linker protons. This result suggested that the nitrogen-rich tri-ligand 
cavities formed by the pyridine moieties have a stronger affinity for Ag
+
 than the triazole 
groups alone. 
2.3 Conclusion 
A series of metal ion receptors cone-3–cone-5 has been synthesized via click chemistry, and 
the binding of transition metal ions has been evaluated by solvent extraction. We have also 
demonstrated that the potential capability to rotate and how to form the cone conformations 
from the flecible macrocyle 2. X-ray crystallographic of cone-3 was obtained and 
1
H NMR 
spectra studies also provided some information. The binding studies of cone-3–cone-5 
indicated that the nitrogen-rich tri-ligand cavities formed by both the triazole ring and the 
pyridine N atoms show selectivity for Ag
+
, but the nitrogen atoms on the pyridine moieties 
appeared to have a stronger affinity for Ag
+
. These results give some insight into the 
molecular design of new synthetic receptors for metal ions. 
2.4 Experimental Section 
2.4.1 Materials  
7,15,23-tri-tert-butylhexahomotrioxacalix[3]arene 1 was prepared according to the 
previously reported procedure.
7a 
2.4.1.1. Preparation of 7,15,23-tri-tert-butyl-25,26,27-tris(propargyloxy)hexahomotri- 
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oxacalix[3]arene (2): A solution of hexahomotrioxacalix[3]arene (1) (0.3 g, 0.52 mmol) and 
Cs2CO3 (1.69 g, 5.2 mmol) in dry acetone (15mL) was heated at reflux for 1 h. 3-Bromo-1-
propyne (propargyl bromide) (0.62 g, 5.2 mmol) and dry acetone (10 mL) were added and 
the mixture was refluxed for 18 h. The solvent was evaporated and the residue partitioned 
between 10% HCl and CH2Cl2. The organic layer was separated and dried (MgSO4) and the 
solvent was evaporated. The residue was dried to afford 2 as a colourless oil (0.15 g, 42%) 
which was recrystallized from CHCl3/hexane (1:3, v/v) to afford the desired product 2 as 
colourless prisms, mp 106–108 °C; H (CDCl3): 1.22 (18H, s, tBu), 1.27 (9H, s, tBu), 1.98 
(1H,t, J = 2.4 Hz, acetylene-H), 2.41 (2H, t, J = 2.4 Hz, acetylene-H), 2.87 (2H, s, ArO-CH2-
acetylene), 4.29 (4H, s, ArO-CH2-acetylene), 4.0–4.85 (12H, m, ether bridge), 7.23 (2H, d, J 
= 2.4 Hz, ArH), 7.30 (2H, d, J = 2.4 Hz, ArH) and 7.31 (2H, s, ArH); C (CDCl3): 31.39, 
31.46, 34.26, 34.39, 60.087, 61.74, 64.25, 66.50, 69.33, 73.82, 75.04, 79.47, 80.05, 126.57, 
128.21, 128.45, 130.14, 130.71, 131.77, 146.81, 146.93, 151.99 and 153.43; FAB: m/z690 
(M
+
). Anal.calcd. forC45H54O6 (690.9): C, 78.23; H, 7.88; Found: C, 78.48; H, 7.65%. 
2.4.1.2. Preparation of cone-7,15,23-tri-tert-butyl-25,26,27-tris{[1H-(4-methoxybenzyl)- 
(1,2,3-triazolyl)]-4-methoxy}hexahomotrioxacalix[3]arene (cone-3): Copper iodide (10 
mg) was added to a solution of 2 (50 mg, 0.072 mmol) and 4-methoxybenzyl azide (73.5 mg, 
0.45 mmol) in 15 mL THF/H2O (2:1), and the mixture was heated at 50°C for 24 h. The 
resulting solution was cooled and diluted with water and extracted twice with CHCl3. The 
organic layer was separated and dried (MgSO4) and evaporated to give the solid crude 
product. The residue was eluted from a column chromatography of silica gel with 
hexane/ethyl acetate (v/v= 4:1) to give the desired product cone-3 (64 mg, 72%) as colourless 
prisms [CHCl3/hexane (1:3, v:v)], mp 147–149 °C; H (CDCl3): 1.07 (27H, s, tBu), 3.71 (9H, 
s, OMe), 4.35 (6H, d, J = 13.1 Hz, ether bridge), 4.48 (6H, d, J = 13.1 Hz, ether bridge), 4.55 
(6H, s, ArO-CH2-triazole), 5.29 (6H, s, triazole-CH2-Ar), 6.87 (6H, d, J = 9.0 Hz, ArH), 6.92 
(6H, s, ArH), 7.23 (6H, d, J = 9.0 Hz, ArH) and 7.61 (3H, s, triazole-H); C (CDCl3): 31.43, 
31.21, 53.36, 55.25, 67.33, 69.36, 114.27, 123.22, 126.10, 127.08, 129.78, 130.96, 144.31, 
146.42, 152.07 and 159.74; FAB: m/z1180.4739 (M
+
). Anal.calcd. forC69H81O9N9 (1180.47): 
C, 70.21; H, 6.92; N, 10.68. Found: C, 70.38; H, 6.78; N, 10.54%. 
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Similarly, compounds cone-4 and cone-5 were prepared as described above in 42 and 43% 
yields, respectively. 
2.4.1.3. cone-7,15,23-Tri-tert-butyl-25,26,27-tris{[1H-(2-pyridylmethyl)(1,2,3-triazolyl)]- 
4-methoxy} hexahomotrioxacalix[3]arene (cone-4): colourless prisms [CHCl3/hexane (1:3, 
v:v)], mp 81–82 °C; H (CDCl3): 1.08 (27H, s, tBu), 4.37 (6H, d, J = 13.7 Hz, ether bridge), 
4.51 (6H, d, J = 13.7 Hz, ether bridge), 4.62 (6H, s, ArO-CH2-triazole), 5.52 (6H, s, triazole-
CH2-2py), 6.91 (6H, s, ArH), 7.20 (3H, d, J = 7.9 Hz, 2-py-H3), 7.23 (3H, m, 2-py-H5), 7.70 
(3H, dd, J = 7.9, 7.2 Hz, 2-py-H4), 7.85 (3H, s, triazole-H) and 8.48 (3H, d, J = 4.4 Hz, 2-py-
H6); C (CDCl3):28.87, 31.64, 52.70, 64.72, 66.80, 119.83, 120.62, 122.03, 123.57, 128.45, 
134.60, 141.70, 143.83, 147.05, 149.57 and 152.09; FAB: m/z 1093.35 (M
+
). Anal.calcd. 
forC63H72O6N12 (1093.35): C, 69.21; H, 6.64; N, 15.37. Found: C, 69.16; H, 6.65; N, 15.59 %. 
2.4.1.4. cone-7,15,23-Tri-tert-butyl-25,26,27-tris{[1H-(3-pyridylmethyl)(1,2,3-triazolyl)]- 
4-methoxy}hexahomotrioxacalix[3]arene (cone-5) : colourless prisms [CHCl3/hexane (1:3, 
v:v)], mp 77–78 °C; H (CDCl3): 1.09 (27H, s, tBu), 4.34 (6H, d, J = 13.4 Hz, ether bridge), 
4.48 (6H, d, J = 13.4, ether bridge), 4.60 (6H, s, ArO-CH2-triazole), 5.46 (6H, s, triazole-
CH2-3py), 6.92 (6H, s, ArH), 7.30 (3H, m, 3-py-H5), 7.61 (3H, d, J = 7.5 Hz, 3-py-H4), 7.77 
(3H, s, triazole-H), 8.50 (3H, d, J = 4.4 Hz, 3-py-H6) and 8.58 (3H, broad s, 3-py-H2); C 
(CDCl3): 28.83, 31.63, 48.71, 64.67, 66.83, 121.01, 121.17, 121.22, 123.73, 128.28, 133.35, 
141.94, 143.97, 146.83, 147.38 and 149.57; FAB: m/z 1093.35 (M
+
). Anal.calcd. 
forC63H72O6N12 (1093.35): C, 69.21; H, 6.64; N, 15.37. Found: C, 69.37 H, 6.53; N, 15.27%. 
2.4.2 Extraction experiment and Stoichiometry of metal complexation 
Metal picrates (2.5  10−4 M) were prepared, Two-phase solvent extraction was carried out 
between water (5 mL, [metal picrate] = 2.5  10−4 M) and CH2Cl2 (5 mL, [ionophore] = 2.5  
10
−4
 M). The two-phase mixture was shaken in a stoppered flask for 2 h at 25 °C. We 
confirmed that this period was sufficient to attain the distribution equilibrium and the 
solutions were left standing until phase separation was complete. The extractability was 
determined spectrophotochemically from the decrease in the absorbance of the picrate ion in 
the aqueous phase, as described by Pedersen,
15  
this experiment was repeated for 3 times. The 
same method was employed to determine the stoichiometry. 
2.4.3 Crystallographic analysis of cone-3  
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Crystal data:  C69H81N9O9, M = 1180.4.  Monoclinic, space group P21/c (no. 14), a = 
29.7377(12), b = 9.6031(6), c = 22.5784(9) Å, β = 104.967(4) , V = 6229.1(5) Å3. Z = 4, Dc 
= 1.259 g cm
-3
, F(000) = 2520, T = 140(1)  , μ(Mo- α) = 0.8 cm-1, λ(Mo- α) = 0.71069 Å. 
Crystals are long, colourless plates.  From a sample under oil, one, ca 1.0 x 0.28 x 0.03 mm, 
was mounted on a glass fibre and fixed in the cold nitrogen stream on an Oxford Diffraction 
Xcalibur-3 CCD diffractometer equipped with Mo- α radiation and graphite monochromator.  
Intensity data were measured by thin-slice ω- and φ-scans.  Total no. of reflections recorded, 
to θmax = 20, was 63509 of which 5787 were unique (Rint = 0.157); 4332 were 'observed' 
with I > 2σI.  
 Data were processed using the CrysAlisPro-CCD and –RED16 programs.  The structure was 
determined by the direct methods routines in the SHELXS program
17
 and refined by full-




.  The non-hydrogen atoms were refined 
with anisotropic thermal parameters (but from a rather limited data-set, some thermal 
parameters appeared barely acceptable).  Hydrogen atoms were included in idealised 
positions and their Uiso values were set to ride on the Ueq values of the parent carbon atoms.  
At the conclusion of the refinement, wR2 = 0.144 and R1 = 0.126
21
 for all 5787 reflections 










)/3; for the 'observed' data only, R1 
= 0.076. 
In the final difference map, the highest peak (ca 0.6 eÅ
-3
) was near H(205). 
Scattering factors for neutral atoms were taken from reference 18.  Computer programs used 
in this analysis have been noted above, and were run through WinGX
23
 on a Dell Precision 
370 PC at the University of East Anglia.  
Crystallographic data (excluding structure factors) for cone-3 have been deposited with the 
Cambridge Crystallographic Data Centre as supplementary publication number CCDC 
886164. Copies of the data can be obtained, free of charge, on application to CCDC, 12 
Union Road, Cambridge CB2 1EZ, UK [fax: 144-1223-336033 or e-mail: 
deposit@ccdc.cam.ac.uk]. 
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Chapter 3 
A ratiometric fluorescent molecular switch for the Cu2+ 
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A ratiometric fluorescent chemosensor based on a hexahomotrioxacalix[3]arene (1) armed 
with pyrene moieties was synthesized, and additionally, a new, easy-to-prepare and highly 
selective pyrene-linked monomeric compound 2 has been synthesized. The relative intensity 
ratio of the monomer to excimer emission (M415/Ex518) of the sensor 1 was 0.09, which 
increased by 50 fold to 4.36 upon the addition of 10 equiv. of Cu
2+
 ion. On the other hand, 
the monomer emission of sensor 2 increased by 85 fold upon addition of 10 equiv. of Cu
2+
 
ion under identical conditions. After addition of F
– 
to the system 1Cu2+, the Cu2+ ion can be 
released from the sensor 1 and the (M415/Ex518) decreased from 4.36 to 0.43, whereas for the 
sensor 2, no significant spectral changes was observed upon addition of 20 equiv. of F
–
 due 
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3.1 Introduction 
A fluorescent chemosensor consists of an ion recognition unit (ionophore) attached to a 
fluorogenic unit (fluorophore),
1,2
 that converts a binding signal from the ionophore unit into a 
highly sensitive light signal. Of the different fluorophore units, pyrene is the most useful due 
to its high fluorescence quantum yield, chemical stability, and long fluorescence lifetime.
3a,b
 
Additionally, pyrene exhibits monomer-excimer dual fluorescence,
3c
 and the fluorescence 
intensity ratio of the monomer to excimer emission (IM/IEx) is sensitive to conformational 
changes of the pyrene-functionalized system.
3a,d 
Consequently, pyrene sensors have been 
constructed for metal ion detection.
4
 Of the various calixarene derivatives employed, 
hexahomotrioxacalix[3]arenes have received significant attention as receptors, mainly due to 
their structural features, namely a cavity formed by an 18-membered ring, the adoption of 
only two basic conformations (cone and partial-cone), and C3-symmetry. Classical O-
alkylation of hexahomotrioxacalix[3]arenes was first achieved by Shinkai et al. in 1993,
5a
 in 
the belief that the alkali-metal template effect (using NaH) would lead preferentially to the 
cone conformer.
5b 
In fact, the reaction of ethyl bromoacetate with 
hexahomotrioxacalix[3]arene was carried out and gave a mixture of products, the yield of the 
cone conformer never exceeded 22 %. The first amide derivative was reported by Shinkai in 
1995,
5c
 and this involved heating hexahomotrioxacalix[3]arene under reflux in THF, using 
NaH as base, to afford the cone amide as the only isolated product in 23 % yield. Cragg 
reported an improved yield of 44% via a slight modification of the previous procedure,
5d
 
whilst our lab has now achieved product isolation in 52 % yield.
5e,6 
Fluorescent chemosensors for copper ions have received wide attention because copper 
plays a number of important roles in many fields, for example, the environment and biology. 
The fluoride ion is of particular interest because of its role in preventing dental caries, and for 
the treatment of osteoporosis.
7
 However, an excess of fluoride anion can lead to fluorosis.
8 
Kumar and co-workers reported a novel fluorescent on-off switchable chemosensor that 






 ions, but the 
fluorescence is recovered by the addition of only K
+
 to the Cu
2+
 ligand/complex. Thus, 
metal-ion exchange triggers an on-off switchable fluorescent chemosensor.
9
 As previously 
mentioned, in the majority of cases, the presence of a Cu
2+
 ion can quench the fluorescence 
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via the heavy metal effect, however with this in mind we report a renewed fluorescence 
ascribed to inhibit PET (Photoinduced Electron Transfer) caused by the Cu
2+
 ion. Fluorescent 
sensors that change their fluorescence behaviour upon binding with heavy transition metal 
ions and anions are one of the most widely used analytical tools on the basis of which various 
molecular switches and logic gates have been proposed. 
10-11
 
 In view of the significance of the recognition of the Cu
2+
 ion and its complex served as 
receptor to recognize cations, anions as well as neutral molecules, we have now prepared a 
novel fluorescent switchable chemosensor that can exhibit ‘re-newed’ fluorescence and 
changes of the fluorescence intensity ratio of the monomer to excimer emission (IM/IEx) in the 
presence of Cu
2+
 ions. Additionally, the monomer emission was gradually decreased and 
monomer emission increased by the addition of F
-
. However, for the sensor 2, the monomer 
emission increased upon addition of Cu
2+
 ions under identical conditions, but no significant 
spectral changes was observed upon addition of halogen anions due to the presence of the 
different molecular scaffold. 
3.2 Results and Discussion 
The preparation of 7,15,23-[2-(pyrenylimino)aminocarbonyl]-25,26,27-tris(N,N-
diethylaminocarbonylmethoxy)-3,11,19-trioxacalix[3]arene (cone-1) is shown in Scheme 1. 
 
Scheme 1. Synthesis of the sensor cone-1. 
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 in 46% yield. The amidation of  O-alkylated compound cone-4 was carried 




 in 45% yield. 7,15,23-[2-(Pyrenylimino)aminocarbonyl]-25,26,27-
tris(N,N-diethylaminocarbonylmethoxy)-2,4,10,12,18,20-hexahomo-3,11,19-trioxacalix[3]-
arene (cone-1) was prepared by the condensation reaction of cone-5 with 1-pyrene 
carbaldehyde at 60 C for 30 h in a 1:1 mixture of chloroform and methanol. Sensor cone-1 
immobilised in a 'flattened cone' conformation (in which the phenolic rings are tilted to open 
up the calixarene cavity), was obtained in moderate yield. Conformational assignments for 
cone-1 were firmly established by the presence of the bridging methylene protons with a H 
separation between Hax and Heq of 0.41 ppm in the
 1
H NMR spectra (CDCl3). For the 
calix[4]arenes, the H values of the ArCH2Ar protons have been correlated with the 
orientation of adjacent aromatic rings.
13,14 
The same findings were observed  for 
homotrioxacalix[3]arenes.
15
 Additionally, the singlet peaks of the NH protons were observed 
at  11.37 ppm for cone-1, confirming the flattened cone conformation in these products. As 
the 
1
H NMR spectra are almost unaffected by changes of solvent polarity (CDCl3, 
CDCl3/CD3CN (=10:1), DMSO–d6), it was concluded that possible intra-/inter-molecular 
hydrogen bonds present are very weak or absent under the employed conditions. 
Interestingly, the aromatic protons of the pyrene rings of cone-1 are exposed to ring current 
shielding effects
13,14,16
 operating in the opposing pyrene ring among the dibenzyl ether 
linkage, and resonate at higher fields with respect to those of the reference compound 2, 
which was prepared as shown in Scheme 2. The magnitude of this shielding, computed as the 
difference between pertinent pyrene protons of compound 2 and cone-1, increases 
significantly for the Py-H protons. The remarkable shielding effects experienced by the Py-H 
(from  8.018.23 ppm to  7.028.19 ppm) suggest that these protons are located much 
closer to the opposing pyrene ring and thus were shifted further upfield. 
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Scheme 2 Synthesis of the sensor 2. 
 
The cation-binding properties of compounds cone-1 and 2, both featuring Schiff-base sites 
and armed with the pyrene moiety, were characterized by UVvis and fluorescence 
spectroscopy. Spectroscopic measurements were carried out in CH3CN/CH2Cl2 (1000:1, v/v) 



























 (nitrate salts were used) dissolved in 
CH3CN. The UV−vis absorption spectra of compounds cone-1 and 2 exhibit typical pyrene 
absorption bands in the 260−367 nm region. No difference was observed regarding the 
wavelength maxima, and similar absorption pattern were retained. After addition of 10 equiv. 
of Cu
2+
 to compound cone-1 and compound 2, a new UV−vis absorption band at around 430 
nm was observed; compound 2 shows strong interactions with Cu
2+
. The fluorescence spectra 
of cone-1 show a comparatively strong excimer emission at 518 nm and a weak monomer 
emission at 415 nm (excitation wavelength 367 nm), with an intensity ratio of monomer to 
excimer emission (IM/IEx ≈ I415/I518) = 0.09. The formation of an excimer band at 518 nm 
indicates strong face to face π−π stacking between pyrene units. Compound 2, exhibits weak 
fluorescence no matter what the excimer or monomer emission due to the monomeric 
structure and the PET effect of the lone pair of the imine nitrogen atom to the pyrene moiety. 
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Figure 1. Fluorescence spectra of receptor cone-1 (1 M, ex = 367 nm) upon addition of 
various metal ions (10 equiv.) as their CH3CN solutions. 
 
To obtain some insight into the binding properties of both cone-1 and 2 towards metal ions, 
we investigated the fluorescence changes upon addition of a wide range of metal cations (10 
equiv.) using their perchlorate salts and nitrate salts in CH3CN solution. As shown in Figure 
1, the addition of Cu
2+
 ions to a solution of cone-1 leads to a significant increase in the 
monomer emission and a comparative decrease in the excimer emission to reveal a 
ratiometric change from 0.09 increased by 50 fold to 4.36. By contrast, no significant spectral 





, with an intensity ratio of monomer to excimer emission (IM/IEx) = 0.79 and 0.80. Both 







of the heavy metal ion effect,
17 
although in these cases the quenching is not ratiometric. In 
case of compound 2, the fluorescence spectral changes observed upon addition of various 
metal ions revealed that it is highly selectivity and possesses a low detection limit for Cu
2+
 
ions over the other metal ions under identical conditions (Figure 2). The significant increase 
in the emission bands of the pyrene monomer emission at 405 nm can be explained by the 
complexation of the Schiff base site of sensor 2 by Cu
2+
, which inhibits PET. 
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Figure 2. Fluorescence spectra of receptor 2 (1 M, ex = 367nm) upon addition of various 
metal ions (10 equiv.) as their CH3CN solutions. 
To utilize sensors over other competing metal ions, competition experiments were carried 
out in the presence of Cu
2+
 ions (10 equiv.) and mixed with other cations (10 equiv.). No 
significant interference in the detection of Cu
2+
 ion was observed in the presence of the 




 ions, which 





 ions quenched the fluorescence (Figure 3). We supposed that the 
enhancement of fluorescence in the presence of Cu
2+ 
was attributed to the hindrance of a 
photo-induced electrontransfer process (PET) upon complexation of the Schiff base sites 
with the Cu
2+
 ion, Furthermore, as well as Cu
2+ 
induced conformational change (strong 
monomer formation). Sensor 2 is a monomeric compoundas shown in Figures 4, under 
identical conditions, no significant interference during the detection of Cu
2+
 was observed in 
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Figure 3. Fluorescence response of receptor cone-1-Cu2+ upon addition of various metal 
ions (10 equiv.) in CH3CN/CH2Cl2 (1000/1, v/v), I0 is the monomer fluorescence intensity of 
cone-1-Cu
2+
, and I is the monomer fluorescence intensity after addition of metal ions, ex = 
367 nm. 
 
Figure 4. Fluorescence response of 2 (1 μM) in CH3CN/CH2Cl2 (1000:1, v/v) to 10 μM of 
test matel ions and to the mixture of 10 μM of test matel ions with 10 μM Cu2+ ions. 







H NMR spectroscopic studies were carried out in CDCl3/CD3CN (10:1, v/v). The 
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spectral difference are shown in Figure 5, and in the presence of 1.0 equiv. of Zn
2+
, for 
example, the peak of the NH protonis shifted upfield by  0.74 ppm from   12.15 to  11.41 
ppm. Furthermore, the peak for the CH proton was shifted upfield by  0.34 ppm from   
9.76 to   9.42 ppm. The smaller downfield chemical shift of the pyrene proton, suggests 
that the Zn
2+
 may be located in the cavity of the upper rim. In particular, coordination of the 
Zn
2+
 ion would prevent the three pyrene moieties from maintaining the  stacking for the 
excimer emission and instead lead to a concomitant increase of the monomer emission of the 
pyrene in the fluorescence spectra. On addition of 0.2 equiv. of Cu
2+
, the peak of the NH 
protonis shifted upfield by  0.17 ppm from  12.15 to  11.98 ppm. Furthermore, the peak 
for the CH proton was shifted upfield by  0.06 ppm from  9.76 to  9.70 ppm. The IR 
spectra of cone-1, cone-1-Cu
2+
 complex were recorded as KBr disks as shown in Figure 6. 
The peak at 3217 cm
-1 
for the free cone-1 indicated the presence of the –NH group, and the 
C=O group and imine C=N group overlapped at 1646 cm
-1
. The IR spectrum of the cone-1-
Cu
2+
 complex showed that the peak of imine C=N group shifted to a lower value of 1625 cm
-
1
, and the –NH group slightly shifted to a upper value after complexation with the Cu2+ ion to 





Figure 5. The partial 
1
H NMR spectra of cone-1, cone-1-Zn
2+
 (1.0 equiv.) and cone-1-Cu
2+
 
(0.2 equiv.) in CDCl3/CD3CN (10:1, v/v) at 298 K. 
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Figure 6. IR spectrum of cone-1 and cone-1-Cu2+. 
 
It was noted that sensor cone-1 exhibited an impressive monomer signal output at large 
equivalents of Cu
2+
 in CH3CN/CH2Cl2 solution. The fluorescence spectra of sensor cone-1 on 
increasing concentrations of Cu
2+
 are depicted in Figures 7, 8, 9, and it can be seen that both 
the monomer and excimer emission of sensor cone-1 appeared at the maximum emission 
wavelengths of 415 nm and 518 nm, respectively. The fluorescence intensity of the excimer 
emission of sensor cone-1 substantially decreased consistent with quenching as the 
concentration of Cu
2+
 increased from 0 to 0.75 equiv. in CH3CN/CH2Cl2 (Figure 7); the 
heavy metal effect of Cu
2+ 
ions exists in this procedure, generally quenches the emission of 
pyrene. Interestingly, the fluorescence intensity of both monomer and excimer emission 
gradually increased as the concentration of Cu
2+
 increased from 0.75 equiv. to 2.25 equiv. 
(Figure 8), and it is proposed that the coordination of Cu
2+  
with Schiff base sites inhibits the 
PET effect. Moreover, the fluorescence intensity of the excimer emission of sensor cone-1 
gradually decreased and was accompanied by an enhancement of the monomer emission as 
the concentration of Cu
2+ 
increased from 2.25 to 7.0 equiv. (Figure 9). These spectral changes 
can be attributed to the cooperating effect of the geometrical structural changes and the 
reduced PET effect of sensor 1 by further binding of Cu
2+
 ions.  
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Figure 7. Fluorescence spectra of compound cone-1 (1 μM), upon addition of an increasing 
concentration of Cu
2+ ions (0−0.75 equiv.) measured in CH3CN/CH2Cl2 (1000:1, v/v). λex = 
367 nm. 
 
Figure 8. Fluorescence spectra of compound cone-1 (1 μM), upon addition of an increasing 
concentration of Cu2+ ions (1−2.25 equiv.) measured in CH3CN/CH2Cl2 (1000:1, v/v). λex = 
367 nm. 
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Figure 9. Fluorescence spectra of compound cone-1 (1 μM), upon addition of an increasing 
concentration of Cu
2+
 ions (2.25−7 equiv.) measured in CH3CN/CH2Cl2 (1000:1, v/v). λex = 
367 nm. 
For sensor 2, the fluorescence intensity of monomer emission gradually increased as the 
concentration of Cu
2+
 increased to 10 equiv. in Figure 10. 
 
Figure 10. Fluorescence spectra of compound 2 (1 μM), upon addition of an increasing 
concentration of Cu
2+ ions (0−10 equiv.) measured in CH3CN/CH2Cl2 (1000:1, v/v). λex = 
367 nm. 
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the complex of 2-Cu
2+
, a Job plot analysis was carried out, in which the emission of the 
complexes at 405 nm were plotted against molar fractions of 2 and Cu
2+
, and at 415 nm were 
plotted against molar fractions of cone-1 and Zn
2+
, under the conditions of an invariant total 
concentration. The maximum point appears at a mole fraction of 0.5, which corresponds to a 
1:1 complex of compound 2 and Cu
2+
, cone-1 and Zn
2+
. We also tried to quantify the 
stoichiometry of the complex of cone-1 and Cu
2+
, but when compound cone-1 bound with 
Cu
2+
 ions, there were three kinds of effect present as mentioned above, and it was too 
difficult to get the stoichiometry. The association constant of the complex 2-Cu
2+
 was 




. The association constant of the complex 1-Zn
2+
 was 




. From the fluorescent spectral changes of 2 binding with Cu
2+ 
and cone-1 binding with Zn
2+ 
ions, it was concluded that the coordination of Cu
2+ 
with the 
Schiff base site caused the inhibition of the PET effect which was much stronger than any 
cavity-control effect. 
  Fluorescence titrations were also carried out for the copper complex herein, and the 





] = 1:10, [cone-1] = 1.0 μM) upon addition of F-, Cl-, Br- and I- (20 μM) using 
tetrabutylammonium as a countercation, determined in CH3CN-CH2Cl2 (1000:1, v/v), are 
shown in Figure 11. We found that upon excitation of the pyrene fluorophore at 367 nm, the 
monomer emission decreased and excimer emission increased gradually upon addition of 
about 20 equiv. of F
- 
compared with the system cone-1-Cu
2+
. A slight monomer emission 










 had selectivity for F
–
 
anion among other halogen anions by changing the (M415/Ex518) from 4.36 to 0.43, visual 
fluorescent color change was also observed from deep blue to original green one. The reverse 
tendency for the fluorescence can be reconciled by the fact that the Cu
2+ 
ion for binding has 
been taken away by the F
-
 and with formation of NH----F
–
 bond at the upper rim of cone-1. 
The monomer fluorescence of 2-Cu
2+
scarcely changed after addition of either F
- 
or other 
halogen anions as shown in Figure 12, which suggests that the calix[3]arene scaffold here 
may also contribute to the formation of molecular switch. 
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Figure 11. Fluorescence response of receptor cone-1-Cu2+ upon addition of halogen ions (10 
equiv.) in CH3CN/CH2Cl2 (1000/1, v/v), ex = 367 nm. 
 
Figure 12. Fluorescence response of 2-Cu2+(1 μM) in CH3CN/CH2Cl2 (1000:1, v/v) to 10 
μM of halogen anions F-, Cl-, Br-, I-. 
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Figure 13. Fluorescence response of cone-1 (1 μM) in CH3CN/CH2Cl2 (1000:1, v/v) to 10 
μM of halogen anions F-, Cl-, Br-, I-. 









), there was no obvious change in the fluorescence behavior of cone-1 on 
addition of these anions expect in the case of fluoride ions where a slight fluorescence 
quench as shown in Figure 13, which indicated that receptor cone-1-Cu
2+
 plays a key role in 
the selectivity for F
–
 anion via visual fluorescent color change. The reusability and reversible 
response of the fluorescent chemosensing ensemble, viz., cone-1-Cu
2+
, has been 
demonstrated by three alternate cycles carried out by titration cone-1 with Cu
2+
, followed by 
F
-
, and repeating this in a cyclic fashion
18
 as shown in Figure 14. 
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in CH3CN/CH2Cl2 (1000/1, v/v). Above are the vials showing visual fluorescent 
color change at every cycle, where (1) = cone-1; (2) = cone-1+ Cu
2+ 
(10 equiv.); (3) = (2) + 
F
-
 (15 equiv.); (4) = (3) + Cu
2+ 
(20 equiv.); (5) = (4) + F
-
 (25 equiv.);(6) = (5) + Cu
2+ 
(30 
equiv.); (7) = (6) + F
-
 (35 equiv.). 
The two chemical inputs of Cu
2+
 ion and F
- 
are designated as input A and input B, 
respectively, and considered as “1” when they are present and “0” if they are absent.  inary 
digits (1 or 0) can be used to present the two states “on or off” of each signal (Table 1). The 
output signals were measured as fluorescence emission at 415 nm and 518 nm of the receptor 
cone-1, respectively, being “1” when fluorescence emission is high and “0” when 
fluorescence emission is low. In our group and in previous work, it has been reported that the 




 ions can be viewed as a 
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logic circuit at the molecular level.
5e With the above analysis, it should be noted that a 
simple but efficient logic circuit for the molecular traffic signal could be constructed. 










Output 1: monomer emission at 415 nm. Output 2: excimer emission at 518 nm. 
3.3 Conclusion 
In summary, we have developed a new type of fluorescent sensor cone-1 based on a pyrene-
linked hexahomotrioxacalix[3]arene with a C3 symmetric structure, which displayed 




. This system exhibited a novel detection signal output 
for targeting cations and anions through switching of the monomer and excimer emission. In 
addition, we developed a new type of fluorescent sensor 2 based on a monomeric compound 
armed with the pyrene moiety, which displays a high selectivity for the Cu
2+
 ion. Sensor 2 
possesses a high affinity and selectivity for Cu
2+
 ions relative to most other competitive metal 
ions by enhancement of the monomer emission. In the future, we will also target the selective 
detection of anion and amino acids using calix[3]arene conjugates bearing transition metal 
ions. 
3.4 Experimental  
General: All melting points (Yanagimoto MP-S1) are uncorrected. 
1
H NMR and 
13
C NMR 
spectra were recorded on a Nippon Denshi JEOL FT-300 NMR spectrometer and Varian-
400MR-vnmrs400 with SiMe4 as an internal reference: J-values are given in Hz. IR spectra 
were measured for samples as KBr pellets on a Nippon Denshi JIR-AQ2OM 
spectrophotometer. UV-vis spectra were recorded on a Perkin Elmer Lambda 19 
UV/VIS/NIR spectrometer. Elemental analyses were performed by a Yanaco MT-5. 
Materials: cone-7,15,23-tris(ethoxycarbonyl)-25,26,27-tris(N,N-diethylaminocarbonyl-
Input A, Cu2+                input B, F-              Output 1           Output 2 
0                        0                          0                          1 
 
1                        0                          1                          0 
 
0                        1                          0                          1 
 
1                        1                          0                          1 
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methoxy)-3,11,19-trioxacalix[3]arene (cone-4) was synthesized from cone-7,15,23-
tris(ethoxycarbonyl)-25,26,27-trihydroxy-2,4,10,12,18,20-hexahomo-3,11,19-trioxacalix[3]-
arene cone-3 by following the reported procedure.5e 
Synthesis of 7,15,23-tris(hydrazidocarbonyl)-25,26,27-tris(N,N-diethylamino-
carbonylmethoxy)-3,11,19-tri-oxacalix[3]arene (cone-5): cone-4 (300 mg, 0.31 mmol) 
was put into a round-bottom flask and ethanol (18 mL) and hydrazine hydrate (3 mL) were 
added and the temperature was maintained at 60 C for 30 h. Then the reaction mixture was 
cooled to room temperature and condensed under reduced pressure to afford a colourless 
solid. Recrystallization from a mixture of chloroform–methanol (2:1, v/v) afforded cone-5 as 
colourless prisms (129 mg, 45%). M.p.180 C. 1H NMR (300 MHz, CDCl3): δ (TMS, ppm) 
1.16 (m, 18H, CH3), 3.34 (m, 12H, CH2), 4.50 (d, J = 8.1 Hz, 6H, OCH2), 4.66 (s, 6H, CH2O), 
4.85 (d, J = 8.1 Hz, 6H, OCH2), 7.36 (s, 6H, Ar-H) and 8.49 (s, 3H, NH) ppm. 
13
C NMR 
(100 MHz, CDCl3): δ (TMS, ppm) 13.8 (CH3), 40.4 (CH2), 68.9 (CH2), 72.6 (CH2), 129.4 
(Ar-C), 129.4 (Ar-C), 132.9 (Ar-C), 158.1 (Ar-C), 166.9 (C=O) and 168.0 (C=O) ppm. IR: 
max(KBr)/cm
−1 
= 3304 (NH2) and 1645 (C=O).  FABMS: m/z: 922.44 [M
+
]. Anal. Calcd 
forC45H63N9O12 (922.06): C, 58.62; H, 6.89; N, 13.67. Found: C, 58.45; H, 6.76; N, 13.76. 
Synthesis of 7,15,23-[2-(pyrenylimino)aminocarbonyl]-25,26,27-tris(N,N-diethylamino-
carbonylmethoxy)-3,11,19-trioxacalix[3]arene(cone-1): A solution of 1-
pyrenecarbaldehyde (30 mg, 0.13 mmol) in methanol (5 mL) was added to a solution of 
cone-5 (40 mg, 0.043 mmol) in a 1:1 mixture of chloroform and methanol (20 mL). The 
mixture was refluxed for 24 h and condensed under reduced pressure to afford a yellow solid. 
Recrystallization from a mixture of chloroform–methanol (2:1, v/v) afforded cone-1 as 
yellow crystals (40 mg, 57%). M.p. 209 °C. 
1
H NMR (CDCl3, 300 MHz): δ = 1.06 (m, 18 H, 
CH3), 3.22 (m, 12 H, CH2), 4.69 (s, 6H, OCH2), 4.51 (d, J = 13.2 Hz, 6H, CH2O), 4.92 (d, J 
= 13.2 Hz, 6H, CH2O), 7.06–8.14 (m, 33H, Ar-H, Py-H), 9.23 (s, 3H, HC=N) and 11.37 (s, 
3H,NH) ppm. 
13
C NMR (CDCl3, 100 MHz): δ = 13.6 (CH3), 39.8 (CH2), 68.4 (CH2), 
72.2(CH2), 122.0132.6 (Ar-C, Py-C), 147.8 (C=N), 159.0 (Ar-C), 163.9 (C=O) and 
167.1(C=O) ppm. IR: max(KBr)/cm
−1
= 1655 (CH=N). MS m/z: 1559.69 [M
+
]. Anal.calcd. 
for C96H87N9O12 (1558.82): C, 73.96; H, 5.63; N, 8.09. Found: C, 73.979; H, 5.46; N, 8.16. 
Synthesis of 4-(ethoxycarbonyl)(N,N-diethylaminocarbonylmethoxy)benzene 7: To a 
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solution of ethyl 4-hydroxybenzoate 6 (500 mg, 3.01 mmol) in dry THF/DMF (42 mL, 5:1, 
v/v) was added NaH (326.5 mg) and NaI (1.5g) and stirring was continued at room 
temperature for 1 h. N,N-diethylchloroacetamide (1.5g, 10.04 mmol) was added to the 
mixing solution and refluxed at 60 °C for 48 h under argon. After cooling to room 
temperature and treating with ice, it was acidified with 1N HCl. The solution was extracted 
with ethylacetate (2 × 50 mL), washed with water (2 × 50 mL) and brine (50 mL). After 
drying with MgSO4, the solvent was removed under reduced pressure to afford 7 (300 mg, 
40 %) as a deep yellow oil which was used without further purification.  
Synthesis of 4-(hydrazidocarbonyl)(N,N-diethylaminocarbonylmethoxy)benzene 8: 
Compound 7 (300mg, 1.19 mmol) was put into a round-bottom flask and ethanol (18 mL) 
and hydrazine hydrate (3 mL) were added and the temperature was maintained at 60C for 30 
h. Then the reaction mixture was cooled to room temperature and condensed under reduced 
pressure to afford a colourless solid. Recrystallization from a mixture of CH2Cl2–methanol 
(2:1, v/v) afforded compound 8 as colourless crystals (240 mg, 76 %). M.p. 157.5 C. 1H 
NMR (300 MHz, CDCl3):  = 1.17 (m, 6H, CH3), 3.38 (m, 4H, CH2), 4.07 (s, 1H, NH), 4.72 
(s, 2H, CH2O), 6.97 (d, J = 8.22 Hz, 2H, Ar-H), 7.54 (s, 2H, NH2), 7.72 (d, J = 8.22 Hz, 2H, 
Ar-H) ppm. 
13
C NMR (100 MHz, CDCl3): 12.8 (CH3), 40.4 (CH2), 67.2 (CH2), 114.2 (Ar-C), 
125.7 (Ar-C), 128.7 (Ar-C), 160.9 (Ar-C), 166.3 (C=O) and 168.1 (C=O) ppm. IR: 
max(KBr)/cm
−1
= 3294 (NH2) and 1635 (C=O). FABMS m/z: 266.16 [M
+
]. Anal.Calcd.for 
C13H19N3O3 (265.31): C, 58.84; H, 7.22; N, 15.84. Found: C, 58.67; H, 7.13; N, 15.68. 
Synthesis of 4-[2-(pyrenylimino)aminocarbonyl](N,N-diethylaminocarbonyl-
methoxy)benzene 2: A solution of 1-pyrenecarbaldehyde (40mg, 0.15 mmol) in methanol (5 
mL) was added to a solution of 7 (39 mg, 0.17mmol) in a 1:1 mixture of chloroform and 
methanol (20 mL). The mixture was refluxed for 24 h and condensed under reduced pressure 
to afford a colourless solid. Recrystallization from a mixture of chloroform–methanol (3:1, 
v/v) afforded compound 2 as ayellow solid (50 mg, 69%). M.p. 253.5 °C. 
1
H NMR (CDCl3, 
300 MHz): δ =1.20 (m, 6 H, CH3), 3.42 (m, 4H, CH2), 4.78 (s, 2H, OCH2), 7.05 (d, J = 10.5 
Hz, 2H, Ar-H), 8.84 (d, J = 10.5 Hz, 2H, Ar-H), 8.09–8.24 (m, 9H, Py-H), 9.53 (s, 1 H, 
HC=N) and 11.40 (s, 1H,NH) ppm. 
13
C NMR (CDCl3,100 MHz): δ = 13.6 (CH3), 41.0 (CH2), 
67.1 (CH2), 114.6132.7 (Ar-C, Py-C), 146.7 (C=N), 161.2 (Ar-C), 163.9 (C=O) and 166.3 
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(C=O) ppm. IR: max(KBr)/cm
−1
= 1650 (CH=N). FABMS m/z: 478.21 [M
+
]. Anal.calcd. for 
C30H27O3N3 (477.57): C, 75.44; H, 5.70; N, 8.80. Found: C, 75.56; H, 5.65; N, 8.73. 
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Chapter 4 
Synthesis and inclusion behaviour of a heterotritopic 
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A heterotritopic hexahomotrioxacalix[3]arene receptor with the capability of binding two 
alkali metals and a transition metal simultaneously in a cooperative fashion was synthesized. 
The binding model was investigated by using 
1
H NMR titration experiments in CDCl3-
CD3CN (10:1, v/v), and the results revealed that the transition metal was bound at the upper 




bind at the lowerand upper rim respectively depending on the dimension of the 
alkali metal ions versus the size of the cavities formed by the calix[3]arene derivative. The 
hexahomotrioxacalix[3]arene receptor is acting as a heterotritopic receptor, simultaneously 
binding with the transition metal ion Ag
+
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4.1 Introduction 
Calixarenes and their derivatives are attractive compounds for use in host-guest and 
supramolecular chemistry. In particular, hexahomotrioxacalix[3]arene derivatives with C3-
symmetry can selectively bind ammonium ions which play important roles in both chemistry 
and biology.
1,2 
Furthermore, the incorporation of two types of recognition sites via the 
introduction of different ionophores on the homotrioxacalix[3]arene will create potential 
heteroditopic receptors with the capability of binding cations and anions, eg. ammonium ions 
and halides. 
Recently, we reported a novel ditopic receptor possessing two complexation sites and 







 ions was examined by 
1
H NMR titration experiments. Although the 
formation of a heterogeneous di-nuclear complex was not clearly observed, the exclusive 
formation of mononuclear complexes of the 1,3-alternate-derivative with metal cations is of 
particular interest with respect to the observation of positive/negative allosteric effects within 
the thiacalix[4]arene family.
3 
On the other hand, Nabeshima et al. reported a novel calix[4]arene derivative bearing two 
2,2’-bipyridine moieties and two ester groups at the lower rim in the cone conformation to 
construct sophisticated molecular devices and systems.
4
 Indeed, Bipyridyl containing 
calixarenes have been extensively used to complex various metal ions.
5–12 
Di- or polytopic 
receptors are those constructed with two or more binding subunits within the same 
macrocyclic structure.
13–15
 It is well known that these kinds of systems are suitable 
candidates for the allosteric regulation
5–7 
of host–guest interactions with metal cations which 
play a major role in biological systems. 
Moving from our interest in the synthesis of heteroditopic or heteropolytopic receptors that 
function as multiple types of cation binder, we introduced a 2,2’-bipyridyl group linked via a 
carbonyl group at the upper rim and diethylacetamides group at the lower rim of the 
hexahomotrioxacalix[3]arene. Herein, we report the synthesis and complexation studies of 







ions. The recognition behaviour towards multiple types 
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of cation was investigated by 
1
H NMR experiments in CDCl3-CD3CN solution. 
4.2 Results and discussion 
The preparation of cone-7,15,23-triethoxycarbonyl-25,26,27-tris(N,N-diethylamino-
carbonylmethoxy)-2,4,10,12,18,20-hexahomo-3,11,19-trioxacalix[3]arene (cone-4) is shown 
in Scheme 1. 
 
Scheme 1. Synthesis of hexahomotrioxacalix[3]arene cone-5. 
Thus, bis(hydroxymethylation) of ethyl 4-hydroxybenzoate (1) with formaldehyde in 
aqueous NaOH for one week afforded ethyl 3,5-hydroxymethyl-4-hydroxybenzoate (2)
16
 in 
41 % yield. Heating compound (2) to reflux in p-xylene for 24 h hours afforded 
hexahomotrioxacalix[3]arene (3).
17 
The O-alkylation of compound (3) with N,N-




45 % yield. Hydrolysis of the O-alkylated compound, cone-4, was carried out with NaOH in 
a mixture of ethanol/water (4:1) at 50 °C for 2h to yield the cone-hexahomotrioxacalix[3]-
arene tricarboxylic acid cone-5.
 17
 
cone-Hexahomotrioxacalix[3]arene triamide derivative (cone-7) was prepared by a 
condensation reaction of cone-5 with 6 in the presence of dicyclohexylcarbodiimide (DCC) 










































ChengCheng Jin, Saga University, Japan 















































Scheme 2. Synthesis of hexahomotrioxacalix[3]arene cone-7. 
Cone-7 immobilised in a 'flattened cone' conformation (in which the phenolic rings are 
tilted to open up the calixarene cavity), was obtained in moderate yield. Conformational 
assignments for cone-7 were firmly established by the presence of the bridging methylene 
protons with a H separation between Hax and Heq of 0.41 ppm in the
 1
H NMR spectra 
(CDCl3). For the calix[4]arenes, the H value of the ArCH2Ar protons has been correlated 
with the orientation of adjacent aromatic rings.
2d-e,18,19 




4.2.1 UV-vis spectroscopy studies 
Cone-7 as a tritopic hexahomotrioxacalix[3]arene ligand was synthesized, which possessed 
N,N-diethylacetamide group at the lower rim and 2,2’-bipyridyl group at the upper rim linked 
by carbonyl group. Consequently, the binding behaviour of cone-7 towards different metal 
cations can be investigated by UV-vis absorption spectroscopy. As shown in Fig. 1, the UV-
vis spectra of cone-7 displayed a typical absorption at around 290 nm in CH2Cl2-CH3CN 



















 as their perchlorate salts in CH2Cl2-CH3CN solution have been 





 and transition metal ions. The electronic absorption spectrum of cone-7 
exhibited a red shift in the presence of transition metals, whereas only an intensity change 
was observed for alkali metals. For the metal of Zn
2+
, it was noticed that the absorption band 
was split into two absorption bands at around 310 nm and 320 nm, respectively. No 
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ions. Thus, it can be explained that the 2,2’-bipyridyl group acted as a chromophore 
displaying a red-shift absorption after binding with transition metals. According to this 
observation, we can demonstrate the transition metals bound with 2,2’-bipyridyl group at the 
upper rim and alkali metal bound with other sites respectively. This finding also can be 
proved by the 
1








Fig. 1. UV-vis absorption spectra response of cone-7 (1 × 10
-6 
M) in CH2Cl2-CH3CN (10:1, 
v/v) to 1 × 10
-5 









H NMR titration studies 









spectroscopic studies were carried out in CDCl3/CD3CN (10:1, v/v). The spectral differences 
are shown in Fig. 2. In the presence of an equivalent of Li
+
, for example, the H value for 
Hax and Heq for the ArCH2O methylene protons changed from0.39 ppm to 0.27 ppm, 
The H’ value for the –NCH2CH3 methylene protons changed from 0.11 ppm to 0.30 
ppm. In comparison with the complex cone-7  Li+, in the spectra of cone-7  Na+ complex, 
the H value for the ArCH2O methylene protons was barely changed but the signals for the 
ArCH2O methylene protons were both shifted upfield, i.e 0.19 ppm. The H’ value for the 
–NCH2CH3 methylene protons was changed from 0.11 ppm to 0.25 ppm. In addition, 
obvious downfield chemical shifts for Ar-H (0.33 ppm) and Bipy-CH2 (0.11 ppm) were 
observed for the complex cone-7  Na+. 
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Fig. 2. Partial 
1
H NMR titration of cone-7/guest complex (H/G = 1:1); a) free cone-7; b) 
cone-7  Li+; c) cone-7  Na+; d) cone-7  Ag+; Solvent: CDCl3/CD3CN (10:1, v/v). 
The addition of an equiv. of AgClO4 to cone-7 caused instant complexation at the upper 
rim as demonstrated by the downfield shifts of the 2,2’-bipyridyl protons (H2’,  = -0.08 
ppm, H2,  = -0.10 ppm), and the upfield shifts of the 2,2’-bipyridyl protons (H3’,  = 
+0.10 ppm, H3,  = +0.10 ppm) for the 1:1 complex of cone-7  Ag
+





as shown in Fig. 2d, whereas the lower rim protons were scarely affected in the presence of 
Ag
+
. This results strongly suggested that Ag
+
 can be selectively bound by the nitrogen atoms 
of the 2,2’-bipyridyl group. 
The Li
+ 
formed a complex with the N,N-diethylmethoxycarbonylmethoxy group of cone-7 
and adopted the more-upright C3-symmetric form. It is known that the introduction of bulky 
substituents onto the OH groups forces the phenol units to stand upright from the calixarene 
ring plane.
1
 This inclination was reflected by the chemical-shift difference (H) between the 
axial and equatorial ArCH2 protons, the small H valuefor Hax and Heq indicated that the 
phenol groups in the complex are positioned in a more-upright orientation. We have already 
reported that when a Li
+
 ions was bound to the ionophoric group at the lower rim, the calix 
cavity changed from a “flattened cone” to a more-upright form.21 The Na+ ion was bound in 
the cavity formed by the three phenoxy rings, as evidenced by the upfield chemical shift of 
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the axial and equatorial ArCH2 protons (i.e.0.19 ppm), the downfield chemical shifts for 
the Ar-H (0.33 ppm) and bipy-CH2 (0.11 ppm). 
We also carried out 
1




 ions. An 
equivalent of KClO4 and CsClO4 were added to the solution of cone-7, and no obvious 




 ions, they are not 
suitable for binding with the lower rim or upper rim cavities. 
 
Fig. 3. Partial 
1
H NMR titration of cone-7/guest complex (H/G=1:1); a) free cone-7; b) cone-
7  AgClO4; c) LiClO4  [cone-7  Ag
+
]; Solvent: CDCl3/CD3CN (10:1, v/v). 




were investigated by 
1
H 
NMR spectroscopy. The addition of an equiv. of AgClO4 to cone-7 caused instant 
complexation at the  upper rim as demonstrated in Fig. 3b. 
Fig. 3c showed the 
1
H NMR spectrum after the addition of Li
+
 ion to the cone-7  Ag+ 
complex. When an equivalent of LiClO4 was added, the H value for Hax and Heq for the 
ArCH2O methylene protons changed, the H value (from peaks around 4.42–4.69 ppm) for 
the LiClO4  [cone-7  Ag
+
] ( 0.27 ppm) was smaller than that of the cone-7  Ag+ (from 
peaks around  4.42–4.80 ppm) ( 0.38 ppm). The H’ value for the –NCH2CH3 methylene 
protons ( 0.29 ppm) of LiClO4  [cone-7 Ag
+
] was larger than that of the cone-7  Ag+ ( 
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0.12 ppm). This result implied that Li
+ 
formed a complex with the N,N-
diethylmethoxycarbonylmethoxy group after cone-7 complexed with Ag
+
 and adopted the 
more-upright C3-symmetric form. This result was also observed after changing the binding 
sequence of metal ions as shown in Figure 4, first to form the complex cone-7  Li+ and then 
to form the complex AgClO4  [cone-7  Li
+
]. Thus, the cone-hexahomotrioxacalix[3]arene 




 simultaneously. Similar 




Fig. 4. Partial 
1
H NMR titration of cone-7/guest complex (H/G = 1:1); a) free cone-7; b) 
cone-7  Li+; c) AgClO4  [cone-7  Li
+







Fig. 5. Partial 
1
H NMR titration of cone-7/guest complex (H/G=1:1); a) free cone-7; b) cone-
7  AgClO4; c) NaClO4 ( 0.4 equiv)  [cone-7  Ag
+
]; d) NaClO4 (1 equiv)  [cone-7  
Ag
+
]; Solvent: CDCl3/CD3CN(10:1, v/v). 
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1
H NMR titration experiments were also carried out with the Na
+ 
ion and solutions of 
cone-7  Ag+ as shown in Fig. 5c and 5d. When 0.4 equivalents of NaClO4 was added, the 
complex NaClO4  [cone-7  Ag
+
] and the free species [cone-7  Ag+] both existed in the 
system. However, when 1 equivalent of NaClO4 was added to the solution of cone-7 Ag
+
, 
the free species [cone-7 Ag+] gradually disappeared and only the complex Na+  [cone-7 
Ag
+
],  as shown in Fig. 5d was observed. Thus, cone-7 first bound with Ag
+ 
at the upper rim, 
then bound with Na
+
 ion in the cavity formed by the three phenoxy rings of the 
oxacalix[3]arene. H value for Hax and Heq for ArCH2O methylene protons mostly did not 
change, however the signals for the ArCH2O methylene protons were both shifted upfield, i.e. 
0.20 ppm (Heq, 4.45 ppm to 4.23 ppm and Hax,  4.84 ppm to  4.64 ppm, respectively). 
The H’ value for the –NCH2CH3 methylene protons ( 0.24 ppm) for NaClO4  [cone-7  
Ag
+
] was larger than that of the cone-7  Ag+ ( 0.11 ppm). The Ar-H proton was downfield 










Fig. 6. Partial 
1
H NMR titration of cone-7 /guest complex (H/G = 1:1); a) free cone-7; b) 
cone-7  NaClO4; c) AgClO4  [cone-7  Na
+
]; Solvent: CDCl3/CD3CN(10:1, v/v). 
When 0.4 equivalents of NaClO4 was added to the complex cone-7  Ag
+
, the complex 
NaClO4  [cone-7  Ag
+
] and the free species [cone-7  Ag+] both existed in the system. It 
was necessary to consider whether the negative allosteric effect caused by the binding of Ag
+
 
existed or not, so the sequence of metal ions addition was changed, viz initially bind with Na
+
 
ion, then to the Ag
+ 
ion as shown in Figure 6. However, when 0.4 equivalents of NaClO4 was 
added to cone-7, the complex cone-7  Na+ and the free species cone-7 were both observed. 
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On further addition of the metal ion Na
+ 
(1 equiv.), the free species disappeared and only the 
complex cone-7 Na+ existed. In most other work, a passive/negative allosteric effect was 
caused by the binding with Ag
+
, but here, there was no observation of the allosteric effect. 
Until now, the ability of the cone-7 to serve as a heteroditopic receptor has been 
demonstrated, but now to illustrate that cone-7 can serve as a heterotritopic receptor, cone-7 






 metal ions simultaneously, 
1
H NMR spectroscopic 
titration experiments were carried out by addition of Li
+ 
ions to the solution of cone-7, by 
Na
+
 ions to the solution of cone-7  Li+ and by Ag+ ions to the solution of Na+  [cone-7  
Li
+










Fig. 7. Partial 
1
H NMR titration of cone-7 /guest complex (H/G = 1:1); a) free cone-7; b) 
cone-7  LiClO4; c) NaClO4  [cone-7  Li
+
]; d) Ag
+  {Na+ [cone-7  Li+]}; Solvent: 
CDCl3/CD3CN(10:1, v/v). 
In the presence of an equivalent of Li
+
, the H values for Hax and Heq for the ArCH2O 
methylene protons changed from0.40 ppm to 0.24 ppm, and the H’ value for the –
NCH2CH3 methylene protons changed from 0.11 ppm to 0.28 ppm. When 1 equiv. of 
NaClO4 was added to the solution of cone-7  Li
+
, the H value for Hax and Heq of the 
ArCH2O methylene protons changed from0.24 ppm to 0.34 ppm, and the signals for the 
ArCH2O methylene protons were both shifted upfield, i.e 0.18 ppm (Heq,  4.48 ppm to  
4.30 ppm and Hax,  4.72 ppm to  4.64 ppm, respectively), indicating that binding mode was 
occurring between the cone-7  Li+ and Na+, corresponding chemical shifts were the 




 ions. The Ar-H proton was downfield chemical shift 
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(0.15 ppm) and the bipy-CH2 proton was shifted downfield (0.06 ppm). After addition of 
Ag
+
 ion to the solution of Na
+  [cone-7  Li+], we also observed the same downfield shifts 
for the 2,2’-bipyridylprotons (H2’,  = -0.08 ppm, H2,  = -0.10 ppm,). Thus, cone-7 can 
serve as a heterotritopic receptor. This result was also observed after changing the binding 
sequence of the metal ions as shown in Figure 8. Firstly, the complex of cone-7  Ag+ was 
formed, then the complex LiClO4  [cone-7  Ag
+
], Na
+  {Li+  [cone-7  Ag+]} was 
formed. We observed the same 
1
H NMR spectrum as shown in Figure 7d, and thus it was 











H NMR titration of cone-7 /guest complex (H/G = 1:1); a) free cone-7; b) 
cone-7  AgClO4; c) LiClO4  [cone-7  Ag
+
]; d) Na
+  {Li+  [cone-7  Ag+]}; Solvent: 
CDCl3/CD3CN(10:1, v/v). 
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Table1 Chemical shift of pyridine protons incone-7. 
 
a
 values are the difference of the chemical shift between cone-7 in CDCl3-CD3CN at 27°C. 
b
A minus 
sign (–) denotes a shift to lower magnetic field, a plus sign (+) denotes a shift to higher magnetic. 
c
The 
midpoint values of multiplet are indicated. 
As shown in Table 1, the nitrogen atom N1 in the bipyridine ring pointed away from the 
calix cavity in free cone-7 because of the electron repulsion between the nitrogens. After 
complexation, the nitrogen turned inwards towards the cavity to complex with the Ag
+
 and 
thus affected the 2,2’-bipyridyl protons with downfield shifts for H2’ ( = -0.08 ppm) and 
H2 ( = -0.10 ppm), upfield shifts for H3’( = +0.10 ppm), H3 ( = +0.10 ppm) and 
H1( = +0.04 ppm) (Table 1) due to the tetrahedral interaction of the N—Ag
+ 
motif. 
Furthermore, after complexation, H3’ and H3, H2’ and H2 have the similar magnetic 
environments, and therefore the downfield/upfield shifts were similar. 








Chemical shift of pyridine protons in cone-7.
Compd. Chemical shift,dppm
a,b





















a Dd values are the difference of the c emical shift between cone-7 i CDCl3-CD3CN at 27°C.
b A minus sign (-) denotes a shift to lower magnetic field, a plus sign (+) denotes a shift 
  to higher magnetic
c The midpoint values of multiplet are indicated.
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 were determined by UV-vis 
absorption spectra [CH2Cl2/CH3CN (10:1, v/v)], using the continuous variation method, the 
absorption reached a maximum at around 0.5 mol fraction for this cation (Fig. 10), which 
clearly indicated that the Ag
+ 
formed 1:1 complex with cone-7. Thus, Ag
+
 was completely 
bound by the soft bipyridine cavity of cone-7 and the homotrioxacalix[3]arene cavity did not 
participate in the complexation. The stoichiometry of the cone-7 complexes with Li
+ 
was also 
determined by UV-vis absorption spectra [CH2Cl2/CH3CN (10:1, v/v)], using the continuous 
variation method. The absorption also reached maximum at 0.5 mol fraction for this cation, 
indicating that the Li
+
 ion formed a 1:1 complex with cone-7, and the Li
+
 ion was completely 
bound by the N,N-diethylaminocarbonylmethoxy groups. The molar ratio method was used to 
determine the stoichiometry of cone-7 complexed with Na
+
 by UV-vis absorption spectra 
[CH2Cl2/CH3CN (10:1, v/v)], which also indicated that the Na
+ 
ion formed a 1:1 complex 
with cone-7. 
 
Fig. 10. Job plot of the extractions of Ag
+
 with host cone-7. 
UV-vis spectrophotometric analysis was employed to detemine the association constant of 
the inclusion complex of cone-7 and Ag
+
. decrease in absorbance at 290 nm versus the 
increase in concentration of the Ag
+
 was fitted to a 1:1 binding model to determine the 




. The association constant for 
cone-7 and Li
+




 and for cone-7 and Na
+
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4.3 Conclusions 
A cone-hexahomotrioxacalix[3]arene receptor cone-7 bearing 2,2’-bipyridyl linked via a 
carbonyl groupat the its upper rim and N,N-diethylacetamide chains at the lower rim, 
respectively, has been synthesized. The receptor cone-7 can serve as a heterotritopic 
hexahomotrioxacalix[3]arene receptor with capability for binding two types of cation 
simultaneously in a cooperative fashion. The binding of the alkali metal ion Li
+ 
took place at 
the lower rim, and the alkali metal ion Na
+
 and transition metal ion Ag
+
 at the upper rim, 
respectively. In addition, given the Na
+
 ion is larger than the Li
+
 ion, the Li
+
 ion bound with 
the lower rim cavity through the oxygens whereas the Na
+
 ion chose to bind with the larger 
cavity formed by the three phenoxy rings of the oxacalix[3]arene, which was verified by 
1
H 
NMR titration experiments. 
 The nitrogen atom in the bipyridine ring pointed away from the calix cavity in the cone-7 
because of the electronic repulsion between the nitrogens. After complexation, the nitrogen 
atom in the bipyridine ring turned inwards towards the cavity to complex with Ag
+ 
to allow 
for the tetrahedral disposition of the N---Ag
+
 motif. 
Further studies on the synthesis of tritopic receptors based on the hexahomotrioxacalix[3]-




3,11,19-trioxacalix[3]arene triacid (cone-5) was synthesized from cone-7,15,23-
tris(ethoxycarbonyl)-25,26,27-trihydroxy-2,4,10,12,18,20-hexahomo-3,11,19-trioxacalix[3]-
arene cone-3 as following the reported procedure.
21 5’-Methyl-2,2’-bipyridyl-5-ylmethanol 6 




tris(N,N-diethylaminocarbonylmethoxy)-3,11,19-trioxacalix[3]arene (cone-7): To a 
solution of cone-5 (100 mg, 0.11 mmol), 5’-methyl-2,2’-bipyridyl-5-ylmethanol 6 (110 mg, 
0.55 mmol) and 1-hydroxybenzotriazole (DMAP) (67.2 mg, 0.55 mmol) in CH2Cl2 (10 mL), 
was added dropwise a solution of dicyclohexylcarbodiimide (DCC) (190 mg, 0.92 mmol) in 
CH2Cl2 (10 mL) at 0 °C. The reaction mixture was stirred for 3 days at room temperature 
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then condensed under reduced pressure. The residue was extracted with ethyl acetate (2 × 30 
mL). The combined extracts were washed with 10 % citric acid (2 × 20 mL), 5 % sodium 
bicarbonate (20 mL), water (20 mL) and saturated brine (20 mL); the solution was dried 
(MgSO4) and condensed under reduced pressure. The cone-7 was obtained from column 
chromatography [(CHCl3-MeOH (5:1, v/v)) (88 mg, 56 %) as colorless prisms. M.p. 84.5–
85 °C. 
1
H NMR  (CDCl3) 1.11–1.12 (18H, m, -CH2CH3), 2.40 (9H, s, Bipy-CH3), 3.30–3.41 
(12H, m, -NCH2), 4.50 (6H, d, J = 13.2 Hz, Ar-CH2), 4.67 (6H, s, Ar-OCH2), 4.92 (6H, d, J 
= 12.6 Hz, Ar-CH2), 5.21 (6H, s, Bipy-CH2), 7.57 (3H, dd, J = 6.7 Hz, J =1.2 Hz, Bipy-H), 
7.58 (6H, s, Ar-H), 7.74 (3H, dd, J = 10.2, J = 2.0 Hz, Bipy-H), 8.21 (3H, d, J = 8.1 Hz, 
Bipy-H), 8.28 (3H, d, J = 8.1 Hz, Bipy-H), 8.45 (3H, s, Bipy-H) and 8.62 (3H, s, Bipy-H) 
ppm. IR: max(KBr)/cm
−1
=1723 (COOR) and 1650 (CONRR’).13C NMR δ(CDCl3) 13.5 
(CH3), 18.5 (CH3), 40.5 (CH2), 63.5 (CH2), 67.0 (CH2), 72.5 (CH2), 120.7–160.1 (Ar-C, 
Bipy-C), 165.0 (C=O) and 167.0 (C=O) ppm. FAB MS: m/z:1426.78 (M
+
). C81H87O15N9 
(1426.61): calcd C 68.19, H 6.15; N 8.84. Found: C 68.31, H 6.24, N 8.93. 
1
H NMR complexation experiments  
To a CDCl3 solution (500 L, 5 10
-3
 M) of cone-7 in an NMR tube was added a CD3CN 
solution (50 L, 5 10-3 M) of LiClO4, NaClO4, KClO4, CsClO4 and AgClO4. The spectrum 
for each was recorded after the addition metal ions. The temperature of the 
1
H NMR probe 
was kept constant at 27 °C. 
Stoichiometry of metal complexation and determination of association constants 
Job’s plot experiment was carried out using the absorption spectrum, make the volume 
fixed and the concentration of [Host]+[Guest] = 1.25 10-5 M, [Guest]/([Host]+[Guest]) 
changed from 0.1 to 0.9, and the association constants also determined by the absorption 
spectrum in a varying guest concentration of 01.25 M and a constant concentration of host 
receptors with 1 M. As a probe the absorption intensity signal was used. The association 
constant values were calculated by the intensity changes in the complex and the free host 
molecules. 
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Summary 
Calixarenes are an important class of macrocyclic compounds and are ideal platforms for 
the development of cation, anion, and neutral molecule recognition. On the other hand, 
Cations and anions recognition by artificial receptors has attracted increasing attention 
because of the important roles played by ions in both environment and biological systems. 
Among of metal ions, Heavy metal ions are of great attention, not only due to the fact that 
some heavy metal ions play important roles in living systems, but also for they are very toxic 
and hence capable of causing serious environmental and health problems. Therefore, the 
development of increasingly selective and sensitive methods for the determination of heavy 
metal ions is currently receiving considerable attention. Many approaches such as atomic 
absorption, ICP atomic emission, UV-vis absorption, and fluorescence spectroscopy have 
been employed to detect low limits. Among these methods, fluorescence spectroscopy is 
widely used because of its high sensitivity, facile operation, and low cost.  
Click chemistry has attracted considerable attention recently and has been applied in a 
wide range of fields for its efficiency, regioselectivity, compatibility with reaction conditions 
and especially for its ions binding ability. Fluorescent chemosensors for anions and cations 
have proven popular, but those for many heavy metal ions such as Cu(II) is a typical ion that 
causes the chemosensor to decrease fluorescent emissions due to quenching of the 
fluorescence by mechanisms inherent to the paramagnetic species. Recently, heteroditopic 
chemosensors have received much interests and design, synthesis of heteroploytopic 
chemosensors will open a new gate for metal ions recognition. 
Thus, against this background, several kinds of heteropolytopic chemosensors or 
fluorescent chemosensors for metal ions were designed and synthesized based on 
hexahomotrioxacalix[3]arene in this dissertation. The sensitivity and selectivity properties of 
these receptors to the target analytes were carefully evaluated. 
In chapter 1, a shortly review of the recently development of fluorescent receptors for 













 and so on. Many coupling methods have been 
reported such as Schiff base reactions forming C=N bonds that can bind to metal ions and act 
aschromophore, nucleophilic substitution reactions forming C-O bonds (crown ethers) that 
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can bind to metal ions, amidation forming C-N bonds that can recognize anions, calixarene-
based chemosensors incorporating click-derived triazoles. In this part, we also introduce the 
reported works about recognition of amino acids and anions by the metal ions complexes. 
In chapter 2, a series of metal ion receptors cone-3–cone-5 has been synthesized via click 
chemistry, and the binding of transition metal ions has been evaluated by solvent extraction 
from the aqueous to the organic phase (methylene dichloride) using 
1
H NMR titration 
experiments. We have also demonstrated that the O-propargyl group of the flexible 
macrocycle 2, on reaction with azides, gives tri-triazole alkylated products which adopt cone 
conformations. X-ray crystallographic and 
1
H NMR spectra studies provided unambiguous 
information about the cone structures. The binding studies of cone-3–cone-5 indicated that 
the nitrogen-rich tri-ligand cavities formed by both the triazole ring and the pyridine N atoms 
show selectivity for Ag
+
, but the nitrogen atoms on the pyridine moieties appeared to have a 
stronger affinity for those cations. These results give some insight into the molecular design 
of new synthetic receptors for metal ions. 
However, it should be noted that there are relativity few example of receptors for ions with 
ratiometric enhancement of fluorescence. Because fluorescence quenching is not only 
disadvantageous for a high signal output during detection but is also undesirable for 
analytical purposes. 
Following this interest, in chapter 3, a new type of fluorescent sensor cone-1 based on a 
pyrene-linked hexahomotrioxacalix[3]arene with a C3 symmetric structure, which displayed 




, this system exhibited a novel detection signal output 
for targeting cations, anions through switching of the monomer and excimer emission. In 
addition, we developed a new type of fluorescent sensor 2 based on monomeric compound 
armed with pyrene moiety which display a high selectivity for the Cu
2+
 ion. Sensor 2 
possesses a high affinity and selectivity for Cu
2+
 ions relative to most other competitive metal 
ions by enhancement of monomer emission. In the future, our research group also want to 
report selective detection of amino acids using calix[3]arene conjugates bearing transition 
metal ions. 
In chapter 4, A heterotritopic hexahomotrioxacalix[3]arene receptor capable of binding 
two types of cation simultaneously in a cooperative fashion, cone-
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hexahomotrioxacalix[3]arenes bearing 2,2’-bipyridyl linked by carbanyl group on its upper 
rim and N,N-diethylacetamide chains on its lower rim, respectively. The binding of the alkali 
metal ion Li
+
 at the lower rim, alkali metal ion Na
+
 and transition metal ion Ag
+
 at the upper 
rim, respectively, was investigated by using 
1
H NMR titration experiments. In addition, Na
+
 




 ion binds with lower rim cavity through oxygen but Na
+
 ion 
choose to bind the larger cavity formed by the three benzene rings with oxygen atoms 
framework based on oxacalix[3]arene investigated by 
1
H NMR titration experiments. 






 ions and includes 
them simultaneously. 
In summary, several kinds of heteropolytopic chemosensors or fluorescent chemosensors 
for metal ions were designed and synthesized based on hexahomotrioxacalix[3]arene, click 
chemistry, reverse PET, heteroploytopic have been widely used and using the metal ions 
complexes to recognize the anions, in these research fields, there are relativity few example 
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